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{ IN THE SERVICE OF 


4 
Tie in your War Production efforts with TAG . . . kill penalties . . . nip 
rejects .. . and above all . . . eliminate the delays that retard produc- 
tion. If you are confronted with these and other similar problems . . . 


then bring them to us. We know the answers and are ready to serve 


you. 


Nearly half a century of service to Industry recommends TAG Indicat- 
ing, Recording and Controlling Instruments for Temperature, Pressure, 


Time, Level and Flow. 


Many TAG Instruments now in service in America’s War Industries are 


targrty 
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~~ 
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- 
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listed below. Write for complete information on your particular auto- 


matic control problem. 


BAROMETERS MERCURIAL GAGES pH 
Mercurial Absolute Pressure Hygrometer 
Mercurial Vacuum Liquid Level 


CONTROLLERS Pressure 
Flow MOISTURE METERS Temperature 
Humidity Electric, for instantaneous Vacuum 
pH moisture determination of 
Liquid Level Wheat, Corn, Barley, REGULATORS 
Pressure Other Grains and Seeds: (See Controllers) 
Temperature Tobacco, Wood and Mis- 
Vacuum cellaneous Granular Ma- STEAM TRAPS 

terial 


DIAL-INDICATING THER- 
THERMOMETERS 
MOMETERS OIL TESTING INSTRU- Chemical 
FLOW INSTRUMENTS MENTS alll 
Controllers ectric 
Indicators POTENTIOMETERS Expansion Stem 
Int t Controlling Indicating 
oo gaa Indicating Industrial 
~ ane! Recording Recording 
—— Self Balancing 


Resistance 
GAGES, RECORDING 
Pressure 
Temperature 
Vacuum 


PYROMETERS TIMERS 
Controlling 
Indicating 
Recording 

HYDROMETERS Resistance VALVES 

Thermoelectric Diaph 

HYGROMETERS iaphragm , ; 

Wet & Dry Bulb There PSYCHROMETERS Automatic Safety Shut- 


mometers Recording R = . 
educing 


LIQUID LEVEL RECORDERS Pressure 
Controllers Electric V-Port 
Indicators Flow Three-Way 
Recorders Humidity Water Circulating 


C. J. TAGLIABUE MFG. CO. 


Park and Nostrand Aves. 
Brooklyn, N. Y. 


Time-Operation 
Recorders 
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is month’s front cover shows women inspecting instru- 
“r jewels—a work they do better than men. Women in 
nt jewels—~ ) ; 

industries, however, don’t solve the real problem. 


. 
AN-POWER now looms as Problem No. 1. Stimson 
predicts an army of 7,500,000 by the end of °43. 
Experts warn that every soldier and sailor must be 

cked by fifteen to nineteen industrial workers—the rate 


r j . « ~ 
lepending on the statistical-survey method (and perhaps 


+} > ~ “yO 7 . F 
a we +e ratio means more than q 10,000,000 
workers. The total civilian population of working age (15 
to 70) is roughly eighty million. Some twenty million have 
to remain in essential non-war occupations. Other millions 
are unfit. War industries cannot count on much more than 
fifty million (ages 15 to 70, both sexes). oo 
The ratio can no longer be 19:1 or 15:1. It MUST be 
brought down to 9:1, yes, even to d:1. How? by extending 
American labor-saving genius into fields where manual 
and visual methods are still used. Instruments has been 
pointing out for years that Inspection and Gaging is the 
most promising field. id this page and page 397.—MFB 
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° 5 : : * 
ge over “technological unemployment. ' 
i ; term i » voc ary of non-technical } 
The persistence of th\s term in the voc abular) peeve 
politicians, writers a ! broadcasters betrays muddled thi 8 
Bi j } +t 4q 2 Ce IVI iZé 7 n. n- 
if not ignorance of the industrial basis of a decent civilizatio 


fortunately, the clear-headed majority among 
; r Ti 


» 
vec 













ITTER controversies 









Tes. Instruments will 





us 
a 


arch of automaticity as long as it endures. And 


a a portion of this very edi- 


y we meg ‘hat we say, we shall use ' 
oe plletapercages scope of Instrumentation by detiberately pro- 
moting its extension into the field of inspection opera | ~ a 
this has for years been one of our objects, but pao 
cember 13 we had the thrill of seeing an papas pow abs 
comprising five distinct instruments ) which is usec vy the \ 
Company to inspect _and classify engine wrist-pins. 














To be sure, 


f 





achine ¢ » tz yf : 
Ground case-hardened pins enter ee ne PR erro, 1 2 
é . ved ¢ i ength past five sté S spa % 
a_minute and*are conveyed along its length | = ate ae Pk 8 
apart lalting at each station for a particular inspection (like “physical ¢ 


; ace > v 
day” in the Army.) Station 1 tests automatically for surface smoothness by) 


i > fie agnet in such 
means of a Carboloy-tipped feeler swung in the field of a — pling: 
manner that when roughness causes deflection beyond permisst . 


in is ejected. Station 2 tests for 
amplified current trips a relay and “8 = : = agente 2 “te 
é SS: i » hammer rebounds less thé nt b 
a nd a pl a relay is tripped and the pin ejected. 
ped feeler which a taper 
somewhat 


scleroscopic 
tween a light source and a photocell, : Nr 
Station 3 tests for cylindricality by means of a U-s ” oe 
of 0.0003” causes To deflect’ sufficiently to actuate a Sr _ : Be pect 
imilar manner Station 4 tests for concentricity = the = i nae 40-400 
< . Ee i ‘ ° » leac 
, i > i te yointer controls a chute é 
Station 5 measures tacts pig + 0.00005”, — 0.0001”, and under- 
of five bins: oversize rejects, 7 ° , 
size rejects. 
. j al : yisué 1ethods 
We urge all industries now relying on manual and ey n - 
j . i > i ar to any ¢ 
for such inspections to install automatic instrume nts simi i os 
5 lice — 
all of the five “stations” described above, thereby decr« my : er 
' i j -r capita leis - oO 1¢ Ameri- 
total of human toil and increasing the per capita leisure 
can people. : ener em 
; ‘ry- repetitive 
Whatever device diminishes the sum total of drudge ” ~ *, co 
r ¢ » expense of all others— 
labor tending to sharpen one faculty at the expe parr cng 
i > ‘lans é : 
a blessing. Don’t use fewer such devices, as some politica , 
! 
use more of them! ’ , ‘ 
itici , i i iat prices 0 
Don’t let those politicians delude you into thinking the P’ 
r instruments designed to cut down 


and 


earners. We repeat: don’t use fewe ~pohegghosgat 
the labor content of your products; install more of them to ex} 
“4 ; > > «© wp a - + ore r) - 
ae meewends Sat nor “We Americans can increase leisure by 
“gadgets,” don’t read, 
but to increase both 
and more leisure- 


living like savages who don’t travel, don't buy | 
write or ‘phone and therefore have no industries ; 
leisure and industrial activity we must adopt more 
producing instruments and control devices.—M. F. Benar 
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100% Automatic Inspection’ 


ROM time to time we are asked, “what is the most promising field 

of Instrumentation today?” In the inquirer’s mind, of course, the 

question may be, “In what branch of Instrumentation am I likely, 
at this time, to find the best opportunities?” 

On this subject one man’s opinion is—one man’s opinion. While we 
never refuse to answer, we prefer to analyze individual cases, for our 
opinion in general Terms is that all fields of Instrumentation are 
“promising.” 

We should like to hear the question put with one word changed, 
thus: “What is the most promising field FOR Instrumentation today?” 

To such a question we are prepared to snap a two-word answer, to 
shout with fanatical passion the magic words ‘Automatic Inspection.” 

Skeptics will say that this is a field where human judgment reigns 
supreme; that even where limit gages and comparators are used they 
must be handled by trained inspectors; that the most important kinds 
of inspection are tests which can never be automatized; that no robot 
can be built for automatically judging “quality” or passing on “prop 














erties”; that even if automatic inspection instruments have been built, 
they can’t amount to much and that those in use are outnumbered 
a million to one by the “regular” types of indicators, recorders, meters 
and controllers—by the familiar forms of measurement and control 
devices, by the myriad examples of “logical’’ or “common-sense” 
Instrumentation 

We are confident that our subscribers will not only refuse to join 
the scoffers but will discover many opportunities in this uncultivated 
field—and will appreciate the richness of the rewards in store for dili 
gent cultivators. 

Seldom was the trite expression “barely scratched” more applicable. 
As the skeptics say, the ratio of automatic regulators to automatic in 
spectors (in use) is a million to one. But while their inference is “‘it 
won't work,” our conclusion—and yours—is “It Can Be Done!” As 
evidence we adduce the automatic inspectors and “property controls” 
which have been fully developed: Few in number, to be sure, but signi- 
ficant as pieces of evidence. 

One example: Just four years ago—in the November 1930 issue 
Sermonizing on the scientific instrument of today being the plant in 
strument of tomorrow, and discussing the vanishing line between labo 
ratory testing devices and industrial production instruments, we wrote 

Today there are no industrial instruments pertaining to hardness. To 
morrow one may be invented and in a few years we may witness the 
duction of bar stock whose hardness is controlled not in the laboratory 
automatically during production 

Now, in 1934, this very thing is being done in a razor blade factory: 
las the high-carbon strip passes out of a continuous furnace, its hard 
ness is measured by an automatic inspector that never tires, never stops 
for a drink, never stares at the girls but incessantly carries out the 
orders which the human inspector gives it from time to time. This 
robot not only inspects every inch of the fast-moving strip but it con- 
rols the furnace with superhuman alertness so that every inch of 


pro- 
but 


strip 


1as just the right hardness. 
This, of course, is such a marvel of Instrumentation that cynics may 
bismiss it as a “curiosity,” but the fact remains that the gap between 
in this case) magnetic testing in the laboratory and magnetic ins pec- 
ion in the plant has been bridged. Of greater significance is that the 
problem of rejects and seconds has thereby been solved: instead of 
ubsequent human “guesstimation” as to which lots of blades are good 
nd which are bad with respect to the property known as “hardness,” 
ie robot inspector sees to it that the continuous furnace turns out noth 


mg but good strip. 





Our enthusiasm, however, is not based on curiosities but on the in 
reasing number of successful automatic inspectors already on the mar- 
et. Look over our New Instruments Section beginning with the 1931 
r 1932 issues and observe the trend for yourself. M. F. Benar 














































































































The Instrument Publishing Co.’s Plan 
Re vised T« rt WPB 


NPRECEDENTED demand for measuring 

and testing instruments, automatic control- 

lers, control valves, laboratory instruments 
and apparatus, etc., together with extreme short- 
ages of materials used in their manufacture, have 
created a situation calling for some plan to be 
evolved for a more complete utilization of all avail- 
able equipment. 

Instruments, controls, inspection equipments, etc., 
are frequently engineered to exact specification for 
each application, but it is felt that some processes 
and laboratories now relatively idle have instru- 
ments that might be utilized. 

It often happens that the shortage of materials 
causes a delay in the delivery of new instruments, 
controls, etc., to such an extent that considerable 
time could be saved through the adaptation of a 
“used” instrument, valve, etc. 

With the endorsement of the Instrument Section 
of the General Industrial Equipment Branch of the 
War Production Board, the Instruments Publishing 
Company hereby offers its office as a means of ex- 
change of information between those that “have” 
and that “want.” 

Owners of idle instruments and devices for meas- 
urement, inspection, testing and control should 
make them available for sale so that they can be 


Submitted to 





r 
} A 
Instrument Publishing Co.’s Plan 


Approved by Instrument 
Section of WPB 


WAR PRODUCTION BOARD 
WASHINGTON, D. C. 
September 11, 1942 
The Instruments Publishing Co., Inc. 
1117 Wolfendale St., 
Pittsburgh, Pa. 
Attention: Mr. Richard Rimbach, President. 
Gentlemen: 

The proposed plan to make available idle industrial in- 
struments, regulators, control valves, etc., has been re- 
viewed and discussed. 

The members of the Industrial Instrument Advisory Com- 
mittee expressed their separate approval of this plan and 
it can be expected their cooperation will be received in its 
execution. 

The plan is certainly a step in the right direction and is 
therefore endorsed by this Section. 

These transactions of second-hand industrial equipment in 
the form as is, can be made without the need for priority 
assistance and also are not restricted by the terms of Con- 
servation Order L-134. 

This plan appears to have considerable merit and it is 
hoped it will be possible to start it in operation promptly. 
In this you have our wish for success. 

Very truly yours, 
C. S. WILLIAMS, Chief 
General Industrial Equipment Branch 
By: ERNEsT A. CAPELLE, Chief, 
Industrial Instrument Section 
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Put Idle Instruments to Work! 







placed in plants engaged in war production, j 
oratories, ete. 

Full information regarding such idle instrum. 9+. 
can be forwarded to the Available Instruments ‘)e. 
partment, Instruments Publishing Company, | | 17 
Wolfendale St., Pittsburgh, Pa., where it will } 
corporated in files for use by operators of wai 
duction plants. 

To make the records uniform, sheets 814” | 
should be used, listing one instrument or device 0) 
each sheet. A copy of each record should be retained 
until the item is sold, then the owner’s copy should 
be forwarded to the Available Instruments De} 


ment of the Instruments Publishing Com 
marking “SOLD” across its face. 
In listing available instruments for sale, give 


name of original manufacturer, type, range and 





ng condition Fa 
nd a good 
could 8% it aaa ynotalled fs 


for 
-esponsivle fire Ant F 


D2, amd Mord aunts 





—- 
t B. Phone MY 5 
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This is a mere suggestion, not a form to be followed exactly. Dx 
not forget to keep a copy and to send it to the Available Instru 
ments Dep’t, marked “‘SOLD,’’ when the instrument is sold. 


description including age, catalog number, seria! din 
number and condition of instrument, also cases and 
auxiliaries when these “go with” the instrument 
proper and are available. 
The name of the owner, the asking price, t! 
name and address and telephone number of the per 
son to contact for purchase should also be included x 
If the instrument is not available for sale but ca 
be obtained on a loan and rental basis, please 
state. 
The Instruments Publishing Company will 
glad to put inquirers in appropriate contact wit 
those who can supply their needs. In so doing, t 
Company assumes no responsibility and owners 
instruments must make their own arrangeme! 
with prospective users. 
The use of this equipment “‘as is” will be anoth: 
test of the “Yankee ingenuity” for which this 1 
tion is credited, and will add a spoke in the whe 
on which our country is driving toward Victory. 
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Calling All Readers with Ideas 
on Speeding War Work 


(even old ideas—especially old ideas now pro- 
ducing results that should be better known) 





and of course you do—it is your duty to do all you can to 
fast! True, you are already 


IL you love America 
help America’s mighty war industry grow mightier... 
going all out on your own job: at every month’s end, you know you've done a good 
month’s work to axe the Axis. (You’ve probably done what was two months’ work 
before Pearl Harbor!) But perhaps you can make a suggestion that will save thou- 
sands of work-months. Yes, you, the typical reader: most useful suggestions don’t 
come from a few geniuses but from the many wide-awake workers—each alert to 
see some “tremendous trifle” that had previously escaped notice. Especially is this 
true now. Especially is this true with regard to the use of instruments. And that’s 
where you shine! One big bottleneck is that millions of inspectors and testers still 
have to rely on their hands, their eyes, their judgment subject to fatigue. Yes, here 
in America, where automatic gadgets have been invented, each doing the work of 
twenty or two hundred humans and doing it better! The pity of it is that there is 
no need for this bottleneck—because every type of test or determination is being 
done automatically somewhere. The few basic inventions have all been made; 
what’s needed is ten thousand adaptations or applications—such as you have in 
mind right now ... or such as you have already installed. (Don’t be too modest: that ‘‘tunim 
portant” automatic method over in the corner of the second floor of Building R-73 may not have 
been brought to the attention of the thousands who should know about it.) And there are some 
other bottlenecks in production that can be eliminated by the use of automatic instruments. 


NOTE—In lots of places the inspectors and the 


management are so proud of “doing it in half the 5. Be brief, but don’t omit descriptive de 

former time’ that they can’t imagine any further tails 

improvement (but it could be done in one-hundredth “UE th ; , . 

the former time). In some cases there is a belief , ee sete ~agecteta ed a caared ahs ; , a 

that the Army or Navy “wants it done just that buat the theary Of automate oontinuces Imeadifements. On 

way” (but the spirit of A&N specs is results, not ther hand, don’t send in something like tl We have an a 

methods, and the higher officers want faster meth- matic tester for length, weight, hardness and profile of A-P 
that places twel That is too brief 


ods—piovided that quality is not impaired but bet- 


tered). In many instances the only ban on auto- : : 
maticity is that the product to be tested or meas- 6. A solution need not be an instrument: it 


ured or controlled automatically or continuously is can be a fixture, a conveyor, or any set-up that 
“different” ist f t t b . “ ‘1 : 
lifferent (but the instiumental function to € makes possible or practicable the use of an 


performed is exactly the same!). 
OU ARE INVITED, therefore, to send in 
your suggestion (or suggestions) for pub- 
lication in the big January Special Issue of 
Instruments. The rules are simple: 


1. Everyone is invited. 








On some previous occasions we excluded persons in the employ 

of ins 1ent companies. Not this time! If you have worked out a 
sav.ng application of any device ion hold ack =be 

cau 1 happen to be selling that device. If one of your cus 
tomers has worked it out, have him write it up; and if he ist 


busy or too modest, write it up for him 


2. Contribution should be typewritten, dou- 
ble-space, on one side of 842 X 11 (or 8 X 10142) 
paper. Name and address of author typed at 
top of first page; name at top of other pages. 


3. Diagrams should be in black ink on white 
paper (or tracing cloth or paper). No blue- 
prints. Name and address of author on each 
diagram. Good photographs will be accepted. 


4. Each contribution to describe the solution 
of ONE specific problem. Each author, how- 
ever, may send as many as he wishes. 


ke a pes 
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automatic instrument. 


7. Write it up TODAY then put it away; a 
few days later, read it with a fresh mind and 
add any essentials you might have overlooked. 
All contributions must be on your editor’s desk 
in Pittsburgh by Monday December 7th. 


8. Owing to the large volume of mail re- 
ceived at this office, it is essential that all 
articles written in response to this invitation 
be addressed to: War Work Speed-up Editor, 
The Instruments Publishing Co., 1117 Wolfen- 
dale St., Pittsburgh, Pa. 


*For years I’ve been advocating the fu itomat I nvey 
1 inspection of artillery amr tior alway vas told that 


1Zé l n 1 Dut 
though it is possible it is impracticable becaus« oving hea 


alth 
projec (above .50-« vear down fixed aging anv r ve 
in hours or even minutes; because the elaborate 

speedily shifting and then gentl ve 





ge vy for tripping rejects) would ¢ 
$25,000 M. F. BEHAR, Editor, Instruments. 


~~, 












Thermometric Lag Determination for 
Cylindrical Primary Elements 


By M. J. ZUCROW 


Research & Development Engineer, Elliott Company, Jeannette, Pa. 





Editorial Foreword for Non-mathematical Readers 


HERMOMETRIC LAG is a common source of serious 
errors in industrial temperature measurement and con- 
trol. It is a source of error in measurement because it means 
that the temperature of the primary element is never the 
same as the temperature of the medium—except momentarily 
when the curves cross each other. The error is greatest in 
the case of changing temperatures—the ones which are 
most important in industrial work. It may be several de- 
grees in thermometry or several dozen degrees in pyrometry. 
This error may be considerable also in the indication or 
recording of fairly “steady” temperatures because lag is 
often due to an undesirable escape of heat in the vicinity 
of the primary element as well as to an undesirable re- 
tardation of heat flow to or from the primary element itself. 
Primary-element lag makes close control impossible. For 
years your editor has summarized the reasons in three 
slogans: 


1. No controller is better than its primary element. 


2. The controller is alu ays too late with too little (fol- 


lowed by too much) corrective action. 
Dead times mean dead zones. 


The usual text-book treatment of thermometric lag is 
based on Newton’s Law of Cooling—an over-simplification 
of what really happens in an industrial installation of a 
thermometric or pyrometric primary element which is not 
a single elementary part but a mechanical structure. This 
complexity of the actual bulb, thermocouple, etc., sometimes 
with heat-conducting bushings, etc., formerly made it diffi- 
cult to compute exactly the various components of lag for 
any particular structure—and even more difficult to pre- 
dict the total lag of any particular structure. In recent 
years, however, progress in heat-transfer engineering has 
removed most mathematical difficulties. Now it is known 
that industrial temperature-measuring structures are char- 
acterized by lag curves in which there is a noticeable “de- 
layed start” and a noticeable ‘delayed end” (two terms we 
proposed early in 1941 to clarify thinking and visualize the 
physical meanings of mathematical expressions). The de- 
layed start and the delayed end refer, of course, to the dif- 
ference between the lag curve of an actual industrial bulb 
or thermocouple and the ideal curve of Newton’s Law. 

At the recent Gibson Island Research Conference of the 
American Association for the Advancement of Science, two 
lectures were given, one by Dr. Zucrow on the general sub- 
ject but containing data on the delayed start; the other, 
chiefly on the delayed end, by Dr. Bradford Noyes of 


Taylor Instrument Companies. This occasion was 

stone in industrial temperature instrumentation a 
persons concerned decided that these two lectures 

be published in Jnstruments—not exactly as deliver: 
rewritten especially for the industrial audience w!} 
served by Instruments. It was your editor’s intenti 
print both these articles in one issue of Instrument 
fortunately, ill-health has prevented Dr. Noyes fron 
ishing his article. Since the two articles deal with « 
tially different subjects, we are printing Dr. Zucrow’s 
article in this month’s issue and we join our readers j) 
wishing Dr. Noyes an early return to perfect health 








“ » 
le — = <r 
- / a 
L “nang | Pres Deleyed Eras 
< period > Zz Effect is to 
i \ | 4 ae make tox, 
ee, ee ae imple as much as 
a sn J Law 6 or &himes 
Y, loos, instead 
is —+t¢é —50% of exactly 
/ / fwice (@s per 
g : rd theory). Note 
ry. that it often 
& / depends on 
/; calibration 
conditions, 
he Normal” 
Wi, feet ed /Serious Dela ed Start 
*/ Commensurate with. 











Rough visualization. (From an article in Instruments, Vol. 14, 
May 1941, pages 123-136.) 


Although Dr. Zucrow’s article appears at first glance t 
be mathematical, it really is a practical guide to the solu 
tion of practical problems. His figures, tables and method 
of analysis make it relatively easy for an industrial i! 
strument man (even a man without mathematical training) 
to determine whether the delayed start is considerable o1 
trifling in any particular case. Only a few dimensions and 
other figures have to be known at the start; and it should 
not take longer than a few minutes to obtain a roug! 
answer—accurate enough to decide whether the installa 
tion should be altered. 

Even the workers who require exact solutions will find 
that Dr. Zucrow has provided them with a method that wil 
reduce days of calculations to perhaps not more than half 
an hour. -—M. F. BEHA 








1. INTRODUCTION 


N a distant-reading thermometer system, thermometric 

lag depends upon the factors governing the transfer of 

heat to the temperature-sensitive element from the me- 
dium having its temperature measured. Lags mav also 
occur in the transmission of temperature changes to the 
recording, indicating or controlling instrument. These will 
not be discussed. This should not be taken to imply, how- 
ever, that transmission and instrument lags are always 
negligible. Furthermore, a knowledge of the total of all lags 
for a thermometer system is of considerable value in an- 
alyzing either hand-controlled or automatically-controlled 


processes. 
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For heat to be transferred to the temperature sensitiv: 
element from its surroundings, or vice versa, a temperatu 
difference must exist between them. This applies to bot 
the steady state and transient conditions. Since the therma 
resistance of the temperature-sensitive element is relative! 
low, when the element is correctly installed this temper: 
ture error is usually negligible under steady state cond 
tions. However, unless its installation takes full cognizan 
of the heat transfer factor involved, surprisingly larg« 
errors may be introduced. 

In general, the same variables which affect the aforeme! 
tioned temperature error govern the thermometric la 
They are the dimensions, construction and shape of th 
temperature-sensitive element, its thermal conductivity, sp¢ 
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Fig. 1. 


ific heat, density and the surface heat transfer coefficient. 
The latter, of course, depends upon the character of the 
medium having its temperature measured, its Reynolds 
number and the direction of its flow with respect to the 
measuring element. 

Heat flows from the medium to the axis of the thermom- 
eter bulb mainly by the mechanisms of convection and con- 
duction. In some cases radiation also plays a part but in 
this discussion it is assumed that convection and conduction 
control the heat transfer process. 

In the usual socket-protected measuring element, the heat 
s first transferred to the exterior surface of the socket by 
convection and then flows radially inward by conduction 
through the various heat flow resistances incorporated in 
the structure. Several different materials are involved, all 
having different thermal conductivities, specific heats, den- 
sities and physical dimensions. Consequently, the calcula- 
tion of the overall thermal conductivity for the tempera- 
ture element is frequently rather difficult. 

An insight into the effect that different materials or in 
stallation conditions may exercise on the rate of heat trans- 
fer can be obtained from Table I. The effects of the char- 
acter and velocity of the fluid on the heat transfer coeffi- 
cient are illustrated in Table IT. 

From Tables I and II it is apparent that the magnitude 
of the thermometric lag depends not only on the overall 
conductivity of the temperature-sensitive element but also 
on the installation conditions (including fluid medium veloc- 
ity, direction, etc.) because these conditions control the 
surface heat transfer coefficient. Consequently, any com- 
parisons of thermometer should be based upon 
dentical installation conditions. 

The basic problem in a thermometer application is to pre- 
dict from simple laboratory tests what the response char- 
acteristics of the thermometer will be in an actual installa- 
tion. To obtain information of this character, it is neces- 


response 


Table I—Representative Heat Transfer Rates 


(W. J. King, Mechanical Engineering, March 1982) 
Mechanism Material Heat Transfer Rate 
(Btu. ft.-2hr.-! °F.-!) 

luction 1/16” Copper 12.600 

1” Corkboard 0.30 

1/16” Oil 15.00 

1/4” Air 0.67 

Plane Surface in Air 0.60 

nvection Plane Surface in Water 150.0 
ed Water in pine line 1200 
vection \ir over tubes 8 





Temperature change at Axis of Infinitely Long Cylinder in a Heat-transfer Medium 


(Schack, S.&1L 1930.) 


able to evaluate the heat transfer 
installation. In most 


factors are known 


sary to know or be 
factors entering into the 
available data are limited. But certain 
or can be closely approximated. One does know, however, 
the dimensions of the temperature sensitive element; and 
its average density and specific heat can be determined by 
fairly simple tests. Furthermore, from published data the 
heat transfer coefficient for the exposed surface in different 
media can be determined with a fair degree of accuracy 
The information usually lacking is the overall thermal con 
ductivity of the temperature-sensitive element and its pro 
tecting tube. This can be determined inferentially, however, 
from simple tests and available heat transfer data in the 


cases the 


manner to be discussed. 


2. EFFECT OF SUDDEN TEMPERATURE CHANGE 


The problem of heat flow to geometric bodies suddenly 
exposed to a different temperature has studied by 
H. Grober, A. Schack, A. Newman and others (see Bibliog 
raphy). The results of these studies make it possible to 
determine the transient temperature conditions for these 
bodies: the cylinder, the sphere and the flat plate. The 
analysis for the temperature history at the axis of cylindri 
cal shapes can be applied to the evaluation of thermometric 


been 


lag. 


Table Il—Heat Transfer Coefficient 4+ for Different 
Fluid Flowing Past Cylinders 


(kg. cal. m hr.-1t °C ) 
(Fr. Lieneweg, 1937) 
Velocity 
0 2m/s 9 m/s 10m 
Fluid , : 
Radius, mm. Radius, mm Radius, mm. Radius, mm. 
2 5 10 2 5 10 2 5 10 2 5 10 
Wate 
a 720 600 500 1000 to 10,000 
50°C. (1200 980 820 
70°C. 16501320 1200 
Al? 
50°C. 13.8 9.8 8.8 
100°C, 17.3 12.7 10.9 is 37 33 69 60 55 1023 90) & () 
200°C. 24-8 16.2 14.9 


Steam 


5 atm. 200°C 90 1 29 140 19 210 
20 atm. 400°C 240 330 530 330 470 740 
90 atm. 300°C 650 950 1 0 950 1350 2220 


Machine 0 0.01 m/s 0.1 m/s 
Oil Radius, mm Radius, mm. Radius, mn 
Tart; 2 5 10 2 5 10 2 5 10 
15 31 24 150 100 $50 290 200 
1 (kg. cal.) /(m.?hr. °C.) 9.205 (Btu) /(ft.2hr. °F.) 
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When the temperature-sensitive element is suddenly ex- 
posed to a new temperature, 7, its surface does not imme- 
diately assume this temperature because of the insulating 
effect of the surface film. The solution of the partial differ- 
ential equation for this condition involves the use of infinite 
series and is rather complicated and laborious to effect by 
direct calculation. It can be shown that the unconsumed 
temperature difference ¢, can be expressed by 


(Tm-T)/(Tm—-To) =f (at/R2),(hR/k) . . (1) 


a 
D> 
> 


In Equation (1) the parameters at/R* and hR/k are 
dimensionless and a consistent set of units must, therefore, 
be used for evaluating them. Fig. 1 presents the graphical 
solution of Equation (1) and is taken from a paper by 
Alfred Schack. The ordinates to the curves give the uncon- 
sumed temperature difference for different values of the 
dimensionless parameter at/R? with values of the dimen- 
sionless product hR/k as abscissas. 

From these curves the variation in the temperature at the 
axis of the measuring element can be calculated for differ- 
ent values of thermal diffusivity, a, surface heat transfer 
coefficient, h, and thermal conductivity, k. When all of these 
known the time required for the unconsumed 
temperature difference, ¢, to reach any specified value is 
readily calculated. In other words, the thermometric lag can 
then be determined for a wide range of operating condi- 
tions. 

The use of the curves of Fig. 1 is illustrated by their 
application to the specific case of a 10-mm. radius cylinder 

| 5, the product cp = 1000, and the surface 


factors are 


for which k 0.2 
heat transfer coefficient is 10 kg. cal. m-?hr.-!°C.-1, 
Thus: 

hR/k 


(100 0.01) /0.25 $.() 


a k:/pe 0.25/1000 


For the value hR/k 


A 


for at/R?2 and ¢: 


1.0 the following values are obtained 


g R (sec. ) 
uf 0 Pou 
0.12 0 1320 

2 2.0 287 

1.5 2160 

( 1.0 1440 
0.61 OLS 1150 
Re 0.6 860 
0.8 4 575 
0.9] iT) 358 
1.97 0.1 215 


The variation in ¢ with elapsed time is presented in 


CRITERION OF THERMOMETER RESPONSE CHARA‘ 


The temperature response characteristics of 
temperature sensitive elements can be compared 
basis of the time required for each to reduce t} 
sumed temperature difference to some specified va] 
the measuring elements being subjected to the san 
temperature difference (7..—To). Obviously the se 
the critical value for ¢ is arbitrary. 














/ 
0.9 Fig.2. TEMPERATURE CHARACTER: 57 
———T POR A CYLINDER 
.7—+ T T R=radius =/Omm. 
06 + } 4 A=0.25 heg.cal)/(m. hr. vw) 
cp = /000 
&5 h= 100 (kg. cal.)/(m*hr. °C.) 
§,= temperature of medium 
0.4 } 6, = initial temp. of cylinder aais (att 
| 4 i He 
| 6 = temp. of cylinder axis at time=t 
7 | 7) unconsumed temp. difference 
| 
2b t 
DB] 
BG! 
Si oF 
tl 
a> 
OF 
08 + 
07 + 
6b 
0.04} i | | | | 
| 
Time in Seconds | \ 
3 1 1 | | 
0 000 2000 3000 4000 5000 6000 


Fig. 2a presents curves showing the variation of the 
dimensionless variable at/R? as a function hR/k for 
0.5 and ¢= 0.8. As already pointed out, a consistent set of 
units must be used in evaluating the above dimensionless 
variables. 


Fig. 3 shows the effect of thermal conductivity, /, and 
heat transfer coefficient, 4, upon the time for a cylinde 
having R 10 mm. and Cp 1000 to attain the value 
0.5. The time to reach ¢ = 0.5 is plotted as ordinate and the 















Fig. 2. value of h. as abscissas. The thermal conductivity is used 
Notation 3} 
T constant temperature of surroundings (fluid 
medium) 
T temperature of axis of measuring element 
varying with time. 
To initial temperature of axis of measuring 
element at time t = 0. 
‘ T.-T 
> T To 
: 6/8y unconsumed temperature difference. 
Y k:/pe = thermal diffusivity (L2 T-1) 
thermal! conductivity (B.t.u. hr.-!ft.-! °F.-1) 
or (kg. cal. hr'm.-1! °C.-1) 
} heat transfer coefficient (B.t.u. hr. 'ft.-- ry SSSI FRR: A PRL Ha HO 8 
F.-!) or (kg. cal. hr.-~1m.-2 °C.-1) : ‘er be EF 
density (slug ft.-3) or (kg.m.-3) a 8 ES FOL G Tt a 
specific heat (B.t.u. slug-!°F.-1) a4 tee SBEE i 
or (keal. kg.-1°C.-1) asl | ee | || Lis 
acceleration due to gravity (ft. sec.) 
or (m.sec.-=) 6.2}-—_—_+>——+—+_+ + + 
R radius of cylinder (ft.) or (m.) 
t time (seconds) 



































| MAMITE Rheostats, Resistors 


in Electrical Analyzer for Aircraft 
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Analyzer Saves TIME for Republic Aircraft 


The electrical analyzer, devised in the testing laboratories of the 













Republic Aviation Corp., was designed primarily to speed up aircraft 
testing and locate trouble without disconnecting any wiring. It also 
enables making adjustments on all electrical equipment prior to final 
assembly, for it is able to duplicate any missing circuits or loads. It 
also enables a direct analysis of any error in wiring assembly, indi- 
cating the exact location of circuits in error. Wide variation of power 
output makes it adaptable to any type of service or testing. 


The use of Ohmite resistance units in this aircraft electrical analyzer 






is another indication of how Ohmite products help speed war pro- 







duction—how they help test planes as well as fly them. 
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5 6 789 : ©} 
R (mm) 
FIG. 4. CORRECTION FACTOR FOR CYLINDER RADIUS 
Multiply actual value of h by Factor “A” to 
obtain he, the value of h for use with Fig.3 : 


2 3 











(OU® 
a | 5 7 70 20 30 $070 /00 200 XO $002 700 22000 F000 3000 /0000 7000 
/ = , pf 2 AY. <a’. — : —— 
(GS OSI” COTM 161 iS. conductivity of the element. This is accom 
A: Ag. Cal ; plished by making an actual test and mea; 
fin Foi om BE, Pin LS  Rrcmeggrtie age ne 
mae. allan m° ing the time for ¢=— 0.5, with two diffe 
#) MY @L . oOo. 67¢ (C) (REE = o&. values of the surface heat transfer coefficient 
“poo A, Ao c (b " ° ° ° . 
mre - h; such as determinations in still water an 
4) in = ntos fae. - (fp) > - Q0b25 ©: still air. If more convenient, the same medium 
x t- "7, Yr? ° ° 
mith. ia ihe can be employed with two different velocities 
47g, 3 7imtte FoR p-2 Yo QfCoME OS /OP? GLINOERS past the element. The initial temperature dif 
ference should be large enough to permit 
accurate measurement of the elapsed time. 
as a parameter. This curve is taken from a paper by The procedure is illustrated by the following examp\| 
Fr. Lieneweg. Suppose from actual test, the times for ¢ 0.5 for 


It is of interest to note the effect of the heat transfer 
coefficient upon the time required for ¢= 0.5. The curves 
demonstrate that any statement of thermometric lag is of 
little value unless accompanied by data pertaining to the 
predominating surface heat transfer coefficient. 

The curves show that the temperature-sensitive assembly 
should be constructed of materials having high thermal] dif 
fusivity and they also demonstrate the importance of secur- 
ing good heat transfer conditions at the installation loca- 
tion. It is seen that large values of the heat transfer coeffi- 
cient, h-, are more effective in reducing the time required 
to attain specific value of the unconsumed temperature dif- 
ference in the case of high thermal conductivities than for 
low thermal conductivities. Furthermore, if the installation 
is highly unfavorable from the heat transfer standpoint 
(low vaiues of h), large thermometric lags will be experi- 
enced even with assemblies having high thermal conduc- 
tivities. 


4. DETERMINATION OF TIME FOR ¢ 0.5 


The curves of Fig. 3 apply to a cylinder having a radius 
R= 10mm. To apply them to cylinders of different radii, it 
is noted that for a given value of ¢ a specific value of hR/k 
always corresponds to the same value of at/R? regardless 
of the individual magnitudes of h and R. Consequently, in- 
creasing the value of R results in a decrease in the value 
of h to be used in determining the time of ¢ = 0.5 and con- 
versely decreasing R increases its value; the relation being 
a reciprocal one. The factor by which the actual value of h 
must be multiplied to obtain that, denoted by h., to be used 
in Fig. 3 when determining the time for ¢ 0.5, can be ob- 
tained from Fig. 4. 

To find the time for a measuring element to reduce the 
temperature difference to one-half its initial value in any 
medium, the first step is the determination of the overall 
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element having a radius of 5 mm. are- 

In still water 95 sec. 

In still air 550 see. 
The corresponding values of / for these conditions are {80 
and 12.7 (kg. cal. m.-“hr.-!C.-!) respectively. The ratio of 
the above times is 550/95 5.8. 

Since the curves of Fig. 3 are drawn for R 10 mm. The 
correction factor to be applied to the actual values of /) is 
from Fig. 4, A 0.5. Hence, the values of hk. to be used 
with Fig. 3 are 490 and 6.75. 

Using the latter values, a value of k must be determined 
from Fig. 3, which will give the same time ratio (5.8) that 
was obtained from the test. This can be determined by 
selecting several values of / and for the values of h. 6.7 


and h 490, noting the times and determining their ratios 
Thus: 
Time (Sec.) Time 
h 490 h 6.75 Ratio 
k Water Air Air/Wate) 
0.1 680 2800 4.1 
0.2 380 2250 5.9 
0.3 250 2200 8.8 


It is seen that the thermal conductivity for this element 
very close to k=0.2 (kg. cal. m.-'hr.-1C.-!). 

Now suppose it is desired to determine the time for : 
0.5 when the element is measuring air at 100 °C. flowing 
10 m./s. For this condition h = 90 (See Table 2) but f 
use with Fig. 3, its value is multiplied by A 0.5, or t 
value of h. is 45 (kg. cal. m.-?hr.-1C.-1). The time cot 
sponding to h. 45 is 700 sec. 

From the preceding, it was found that for k — 0.2 t 
time corresponding to immersion in still water is 380 sé 
onds. The ratio of the times, air/water, if 700/380 = 1.8 
Consequently, the time for this element to reduce the te 















ODAY our only customers are Uncle Sam 
- and his partners, the United Nations. We 
are heartily glad of it, because we feel all other 
matters are of pale importance compared with 
the winning of this war. Every Perkin-Elmer 
employee is proud of the fact that his skill can 
make a vital contribution to fighting efficiency. 


The Perkin-Elmer Corporation has two impor- 
tant contributions to make to America in war or 
peace: First, engineering skill equal to the most 
exacting task, if it involves optical computations. 
Second, manufacturing facilities capable of ac- 
curacy which in many instances have never 
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before been achieved in production. 


Prior to last year The Perkin-Elmer Corpora- 
tion’s customers included leading Universities, 
Institutions and Industrial concerns by the score. 
Today all its eggs are in one basket . . . eggs of 
deadly precision to be used for pelting the Axis 
off the stage. Tomorrow, in an age where pre- 
cision will be paramount, the contributions of 
the finest optical instruments will be vital. We 
are already consulting with leading organiza- 
tions whose future plans involve skills which 
we possess. We invite the inquiries of others 


who are thinking in terms of tomorrow. 
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Measuring the Coulomb and Viscous 
Components of Friction 












Y ‘ 4 _ + 
By CHARLES KENNEDY , 
Daniel Guggenheim Aeronautical Laboratory, Massachusetts Institute of Technology, Cambridge, Mass. 
Editorial Foreword for Non-mathematical Readers Therefore, in an elementary instrument (mas 9 
_ — . damping system) 7 tio > value o “ )) 
RICTION is the commonest enemy of accuracy in the — “ye een: 0 eae, prey — f the Coulo: 
‘oe yonent remains constant; the instantaneous v: t] 
measurement of variables—and also a vicious enemy of P‘ és : ee ti ne - “ge os ( r 
: ‘ : a viscous component is proportional to speed; : 
close control in the automatic control of variables. There- I wm wate? peed; ana tn a é 
ae an ee ‘ ER taneous values of starting friction and of the tu 
fore the conquest of friction is not only an ideal of instru- ; : l 
fi : component may both be neglected. What Mr. Kenn: , < 
ment-makers but an every-day objective of instrument. : he ; > 
ro : : : é - : in this article, then, may be summarized as follows 
users. Which is to say that the subject of Mr. Kennedy’s é : ; : u 
: F Start your instrument oscillating. Record the beha 
article is of interest to every reader of Instruments. . ; ; ; hes ( 
Sat Gene teks oe 4 : the pointer as its oscillations die down—not necessi ' \ 
What we call “friction” seldom is only one effect and in . < 
#5 - zero but long enough to provide three or more mea whl, 
order to measure it we must analyze it as we would a one ‘ 
ne sie : ae peaks. The curve through the peaks will not be the straight a 
chemical compound. Total friction generally is made up of ae ere . ra’ 
* ; line of Coulomb friction, nor the pure exponential cu 
several components, among them two whose importance ° Ae mp ony ae 1p 
7 3 viscous damping, but it will lie between these two. On sen 
overshadows all others—because in most practical cases all . - 
: aaaaged log paper, however, an exponential curve plots as a straight 
others can be considered as included in either one. : é ; Gs ‘6 
line, and this provides a means of determining both th 
1. Coulomb friction (termed in some texts “solid” fric-  yiscous component and the Coulomb component, because t! 
tion, “ordinary” friction, “sliding” friction or “mechanical graphic effect of the addition of Coulomb friction to 
friction) is the force which opposes the relative motion of damping is to change the exponential to an exponent 
two dry surfaces in sliding contact and which therefore minus a constant. (See Fig. 1a of Mr. Kennedy’s article.) 
tends to stop such relative motion. It is different from [hat constant may be found by trial and error, making us: 
“starting” friction. Its value is less than that of “starting” of the fact that it will give a straight line on a semi-log 
friction. In most practical cases, its value is independent of plot when added to the value of each peak of the measured 
speed except at “extremely low” or “extremely high” speeds response curve. The viscous damping ratio may be found 
ind these extremes may be defined simply as outside the range from the slope of the resulting line and the Coulomb 
of most practical cases. This is merely a convenient definition ; force obtai 1 from the “ stant added 
which dismisses extreme conditions, but it is justified because tion force obtainec from ve constan EAs 
pure” Coulomb friction is that between carefully-prepared surfaces To non-mathematical readers, the foregoing paragrap! J 
operated under a high vacuum. ee -iengerransigictaea is not mane oe began easy but probably ended tough. The difficulties ar 
t vacuum, it is permissible to neglect “starting” friction in consid- E nl onl t hs ararrant ae F 
ering the “Coulomb component” of total friction from the energ3 more apparent than real and in that paragraph we pu . 
loss standpoint—as Mr. Kennedy does in this article which deals posely shifted from an informal style to some of Mr. Ker 
with the oscillations of the indicating elements of measuring sys- nedys’ own expressions in order to smooth your way. F } 
tems, that is to say, with motions that stop and reverse—not with Jour sake, by the way, Mr. Kennedy re-wrote much of his > 
continuous motions C ° . . 4 . nt 
>LY a eee , oa — article after he first submitted it to your editor; and he pu 
2. Viscous friction is also known as fluid friction but it is practically all his mathematics in an appendix. All you need 
— commonly known as Hears damping oF eddy-cur- to know is how to plot a series of points on two kinds of u 
rent damping) when the subject under study is the dying graph paper: the plain kind and the semi-log kind. Ther C 
: : satllat: . i a . ° - a ~ % ; ‘ 
down of the oscillations of an instrument pointer. Unlike you can follow Mr. Kennedy’s directions without having t e 
the value of ¢ oulomb friction, the ene a ononta a a grasp the underlying mathematical theory. By purely 
or electromagnetic damping is zero when there is no rela- graphic means and without even going through the whol r 


tive motion between the surface involved; and it increases 
with speed. 


“Turbulent friction,"’ mentioned by Mr. Kennedy, is a compo 


nent of damping rather than of friction in a measuring instru 
ent. It is proportional to the square of the speed of the damping 
vanes. Its effect, in most practical cases, is completely masked 


Outside the 
being the 


field of instrumentation it finds many uses, a familia) 
butterfly type governor on a clock-chime 


which he mentions at the end is an 
term denoting an energy-dissipation effect 
study of wing flutter. Your editor believes 
that it is the same thing as what we call “internal damping” in 
the study of elastic members of instruments. At constant frequency 
of oscillation, “structural damping” is proportional to amplitude of 


one motor. 


41. “Structural damping” 
eronautical-laboratory 
f importance in the 


lisplacement, not velocity—but since amplitude varies with v: 
locity, “structural damping” (internal damping ?) appears to bs 
proportional to velocity and hence undistinguishable from viscou 


friction (viscous damping). 


} 


graphic procedure he recommends, you will be able to d 
termine the extent to which the pure damping of you c 
instrument (which does not produce a final error) is affected 7 
iawn : 

by common friction (which does prevent the pointer or pe! 

” . . < 
arm from coming to rest where it should.) 

The practical difficulty of applying Mr. Kennedy’s method t 
recording instruments consists in obtaining a record of the os« 
tions of a pointer without making the pointer heavier and wit! 


further impeding its freedom. One solution is to use a n L 
picture camera. Placing a stop-watch (or electric stop-clock) P 
to the instrument under study will make it possible to use a! n 
dinary “amateur movie” instead of a special type. é 

In studying the oscillations of the pen-arm of a recordins ‘ 
strument, it may be necessary to disconnect the regular chart ¢ 
(inches-per-hour) and rig up a means of drivinng the chart { 


speed of several inches per second, which need not be unifor! 


—M. F. BEHAr 





HE usual method for determining the damping in a 

mass-spring-damping system such as an elementary 

instrument is to make measurements on the transient* 
resulting when a step function is applied; that is, when the 
measured variable is suddenly changed from one value to 
another. If the system oscillates before coming to rest, the 
damping is said to be less than critical. That is the case 
treated in this article. The per semi-cycle in 
potential energy stored in the spring, as indicated by the 
decrease in the peak values of the amplitude, is equal to the 
this the 


decrease 


*A “transient,”’ in 
pen-arm EDITOR 


case, is behavior of the 


pointer or 
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energy dissipated by the friction forces during the s 
cycle. 

Coulomb friction is constant and independent of vel 
while there is motion. It will cause the line through 
peaks of the response curve to be straight, sloping d 
ward at the rate of 4 xem per cycle. (Fig. 1a.) In this fig 
[reproduced full-size—Ep] xem is the distance, to the s 
of the record, that the constant Coulomb friction fore: 
could stretch the spring, which has stiffness /.! Rat 
than use the line through the peaks, it is easier to meas 

iJ. P. Den Hartog. Mechanical Vibrations. Hill ! 
Co., New York. 
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FIG. |b. SEMILOGARITHMIC PLOT OF RECORDS IN FiG. la. 


Fig. 1. Response Curves for a Mass-spring-damping System with Various Kinds of Damping. (Full-size reproduction.) 


e double amplitude because this obviates the need of first When only viscous friction, proportional to velocity, is 
cating the mean from which to measure peaks. The double present, the double amplitude is a pure exponential curve 
mplitude decreases constantly at the rate of 8 xem per which, when plotted on a logarithmic scale against peak 


cle, but, if plotted on a logarithmic scale against peak number, becomes a straight line. (Fig. 1.) '}* One common 
imber a, it will no longer follow a straight line but will ly used measure of the viscous damping is the logarithmic 
rve downward and approach a vertical asymptote at the mae ae: ; 

ak number when the double amplitude is zero. (Fig. 1b.) wane pee ogg eal er pg tao tee some 1 o143 sa 
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CRITICAL DAMPING COEFFICIENT it 
decrement 6, defined as the natural logarithm of the con- where m, c, and k, are effective or equivalent average values 
stant ratio between successive positive peaks, or between of the mass, damping coefficient, and spring constant, 
double amplitudes at the beginning and end of a cycle. An- spectively. The + F indicate that although the Coulomb fric 


other measure of the damping is the damping ratio { (zeta), tion force is constant in magnitude it changes sign abrupt) 
defined as the ratio of the actual damping coefficient c to when the velocity changes direction; consequently the n 
the critical damping coefficient c. that is just large enough tion can be considered only half a cycle at a time. 7 


to prevent oscillation. ({ is used extensively in the M.I.T. upper sign (+) is taken to correspond to a positive velocity 
instrument work because the general form of the step func- For the first half cycle the velocity is negative, the 

tion response curve for a given value of { is easily remem- sign (—) is taken, and the equation, after rearranging, 
bered, ¢ remains real for non-oscillatory cases, and especially given with the complete mathematical derivation in the 


because it is simply related to the 
constants of the system.) { may be 
found from a step function response 


curve by the chart, Fig. 2.- 


When the two kinds of friction are 
both present, the line through the 


peaks and the double amplitude will 
be curved on either kind of plot (Fig. 
1), but the equation of the line 
through the peaks is changed from 
the pure exponential only by the sub 
traction of a constant difference D; 
or the lines through the upper and 
ower peaks for pure viscous friction 
are brought together a distance 2) 
when the Coulomb friction is added. 

To prove this we must start with 
the equation of motion for the elemen- 
tary instrument characterized by both 
types of friction. For simplicity of 
writing, without affecting the gene 
ality, assume that the initial position 
of the pointer or pen-arm is x» and 
that the pressure or other measured 
variable suddenly drops to zero. The 
equation is then: 


md=r dt T cdr dt t ker : F 0) (1) 
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mace ay Roller-Smith Co..Be 


TYPE RO 
EXTERNAL SHUNT__ 


From what distance can you clearly see the numbers and 
scale divisions on a Roller-Smith switchboard instrument? 


Hand drawn on lithographed metal, and with a scale 
ength of 5!/5 inches, the dials on these instruments have 
been accurately read by persons with normal vision, at 

/ a distance of 15 feet. The advantages of such visibility 
to a busy station attendant are obvious. 





Readability, however, is just one feature of Roller-Smith 
switchboard instruments. 1°/, accuracy . . . overload 






ROLLER-SMITH COMPANY 


Enclosed Switchgear * Electrical 
Indoor and Outdoor Oil Circuit Breakers * Air Circuit Breakers 









Switchboards * Metal 





~---M.V. DROP. 





LEHEM, Pa_.U.S.A. 
Nq@ __.187726 
X CURRENT 25 amps 


capacity of 30 times normal . . . improved temperature 
characteristics . .. more effective damping . . . and 750 
volt insulation are others found in the new design. Get 
complete information today. 


TRY THIS TEST 

The instrument on this page has been reproduced full 
size. Place it at eye level and back away until the scale 
divisions become hazy. Then measure the distance at 
which your vision is effective. 





BETHLEHEM, 
PENNA. 
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X= PEAK NUMBER 
FIGURE 4b. SEMILOGARITHMiICc PLOT OF RECORD 
; 
Fig. 4. Step Function Response Record from an Engine Indicator. (Full-size reproduction.) 
pendix (Equation 2). The right-hand side of the equation for the first peak value 2;, at the end of a half-cycle, 
is constant (during the half cycle), hence the solution terms of the zeroth peak xo by substituting »t—7, (Eq 
(Equation 4) is the usual solution for pure viscous d: amp- tion 5) and a general formula for the ath peak in terms »! 
ing, except that the axis of the curve is displaced by an the (a—1)th peak, occurring just before it, is given 
amount +2em (see Fig. 3). The equation of motion is solved Equation 6. 
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this general form, the expression for the ath peak 
of the peak e=0 must be obtained. To do so, x; is 
terms of xo (Equation 7). Then xe is found in 
x; and the value just found for 2x; is substituted, 
» in terms of xo. (Equations 8.) Then xg is found in 
f x» and the value of x2 is substituted, giving x3 in 
, te f xo (Equations 9), and so on until a pattern of the 
form takes shape and the general relation for the 
- can be derived by mathematical induction (Equa- 
). This is rearranged, and the absolute value of the 
given in Equation 11, which has the form of an 
tial plus a constant minus a brace {} of terms. 
ore and more terms are taken in the brace {}, the 
added becomes less and less and it quickly con- 
' to a constant value. Being a geometric progression, 
t m of an infinite number of terms is easily found 
ORD | tion 12). Hence, if the zero peak be taken farther 
irther back from the section of the curve under con- 
tion, the form of the absolute value of x, approaches 





n and more closely an exponential minus a constant. 
[he peak chosen as zero can be any peak and, as far as 
the analytical expression is concerned, it may even be one 
curring (in the imagination only) long before the first 
peak on the actual record. Thus if a is measured from minus 


infinity, the expression for x, is given in Equation 13, and 
it is seen to be an exponential minus an expression D, 
vhich is constant. 

Thus it has been shown that the equation of the line 
through the peaks is an exponential with a logarithmic 
decrement equal to that which would occur if there were no 
Coulomb friction present, minus a constant difference D. 

To illustrate the method, an actual record in which an 
indicator* has been subjected to a sudden change in pres- 
sure, from 44 lbs./in.* to zero, is given in Fig. 4a. The lines 
; through the peaks are drawn (the envelopes to the curve 
» would do equally well in this as in most practical cases) 
’ and the double amplitudes are measured and plotted to an 
entirely arbitrary scale on semi-log graph paper in Fig. 4b. 

(It might seem more natural to measure single ampli- 
tudes from the zero line since it is already provided by the 
indicator; but if this is done the points lie alternately above 
and below the smooth curve through them. This indicates 
that the pointer, which can come to rest anywhere within 
the band of uncertainty defined by + gem, has stopped 
slightly below the true zero.) 

Adding 2D = 0.40” to each double amplitude and plotting 
directly on the same graph, 0.40” is seen to be too great be- 
cause the new line curves outward. Trying successively 2D 

0.30”, 0.20”, and 0.15”, 2D = 0.20” is seen to give as near 
a straight line as the uncertainty of the points permits. The 
ratio of peak 8 to peak 2 on the imaginary purely viscous 
damping curve indicated by this straight line is 0.27/1.39 
0.194. This peak ratio on the line a= 6 in Fig. 2 gives ¢ 

0.086 and 6 = 27{= 0.54. (Simply taking { correspond- 
ing to the initial slope is often satisfactory and gives in this 
case ¢ = .090.) 








ob 
FA 








——f Professor W. McKay of M.I.T. has pointed out that be- 
it 9 cause the equation of the envelope is an exponential plus a 
constant, its first derivative with respect to peak number 
~—7-F = or time is a pure exponential. Hence plotting differences be- 
=e tween successive peak values on semi-log paper will give a 
straight line with the desired slope. This provides a rigor- 
—+ ous and straightforward method for finding ¢ and elimi- 
Clk nates the trial and error. 
Using § = 0.086 and a = 1 in the same chart gives 
exp [-7¢/(1-£2)-2] =e-6/?=0.76. 
Then rem [(1-e 5/2) (l+e 8/2)] D 
= [(1-0.76) / (1.76) ] (0.10) =0.014”. 
The spring constant k is 40 pounds per inch, so the fric- 
n force, F’, equals kxem and F = 40 (0.014) 0.6 pounds. 
lhe expression for xem can be greatly simplified for small 
by expanding e-5/* into a series and neglecting second 
I . ler terms, giving xem (7/2)$D = (8/4) D. The approxi- 
‘ *“EpiTor’s Note:—Mr. Kennedy refers to an engine indicator 


is tO say, a pressure recording instrument.—MFB 


Oh. Dec ah apie W.. 





mation is less than 1% too high for ¢ less than 0.1 or 4 less 
than 0.63. 

Because the effect of viscous friction compared to the 
Coulomb is eliminated as the amplitude and velocity ap 
proach zero, the slope of the line through the peaks 
approaches the value it would have if only Coulomb friction 
were present. Hence xem may also be found by drawing the 
final tangents TA and TB (Fig. 4a) and finding that a 
transient with only the Coulomb friction present would die 
to zero from 0.60” double amplitude in 9 semi-cycles, or that 
the double amplitude decreases at the rate of (0.60 <2)/9 

0.13” per cycle and x 0.13/8 0.016". The difference 
from the previous value, 0.014”, is a large percentage but it 
is smaller than the uncertainty of the individual scale read 
ings which were measured to 0.01”; that is the reward for 
using curves through a large number of readings. 

The method of drawing the final tangents is to be used 
especially when the Coulomb is large compared to the 
viscous and a large portion of the transient is nearly linear. 

The plotting of transients on a semi-logarithmie graph is 
to be recommended even when it is not desired to find the 
components of friction. The uncertainty of peak readings is 
most easily judged and allowed for when the plot is most 
nearly a straight line. Selection of an equivalent viscous 
damping ratio to fit any desired amplitude can best be done 
by drawing at that amplitude the tangent to the curve 
plotted on semi-log paper, because the closeness to which 
the equivalent value fits other amplitudes in the range of 
operation can be estimated by comparing slopes. 

To back-figure transients, knowing ¢ or 5 and fem, plot 
the pure viscous component on semi-log paper, locating the 
straight line with two points in a ratio determined from the 
peak value chart, then calculate D and subtract it directly 
on the same plot. Equivalent viscous damping ratios can 
then be found for any amplitude from the slope of the curve 
at that amplitude. 

The effects of turbulent friction (proportional to velocity 
squared) can often be eliminated because, just as the effect 
of viscous friction compared to Coulomb friction disappears 
at low amplitudes and velocities, so does the effect of turbu- 
lent friction decrease more rapidly than that of viscous as 
the amplitude is decreased. This gives an outward curva 
ture characteristic of friction proportional to higher powers 
of velocity than the first—a characteristic which is as easily 
detected on a semi-log plot as is the downward curvature 
characteristic of friction proportional to lower powers of 
velocity than the first. 

When all three kinds of damping are present, the curve 
will have the characteristic shape shown in Fig. 1b. The 
right-hand portion can still be handled as if the turbulent 
friction were absent, unless the portion for which a record 
is obtained does not contain sufficiently small amplitudes 
that the turbulent friction may be considered negligible 
compared to the rest. 

Mixtures of turbulent and viscous damping come up in 
measurements of structural damping (similar to viscous 
damping in its effect on the transient) made from free 
vibration of airplane wings in air. To the extent that the 
air damping is turbulent it can be eliminated by taking the 
slope that the damping curve approaches as the amplitude 
dies to zero. 

Replotting viscous damping transients on semi-log paper 
provides also a means of detecting non-linearities in record 
ing instruments. If the measured variable is a reliably vis 
cous damping transient, departures from a straight line on 
the semi-log plot can be blamed on the non-linearity with 
amplitude of the recording apparatus.* 

A record from an engine indicator was used as an exam 
ple because it is a familiar and “elementary” instrument, 
but the information obtained is more detailed than neces 


‘EDITOR'S NOT! Not always. Notable exceptions are four 
temperature-measuring systems, ete., where the blame must be 
laid on the primary measuring element, not on the “recordings 
apparatus.”’ Analytical methods similar to the new ne prop 
by Mr. Kennedy have actually been used to determine the r 
linearity of measuring systems by means of recording appar 
known to suffer from friction—such friction being relativels r 


significant.—MFB. 
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The Mark of 
Effective Control 

















Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level,flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly,without overtravel or hunt- 


ing. Ask for Bulletin No. 101. 


Combustion Control that is simple 
but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
lerger. Details 
in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Multi-Pointer Gages for indicating 
factors such as draft, pressure, tem. 
perature and speed. 
These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating, recording and 





integrating the flow of 


Control Drive 


steam, water, sewage, 
air, gas and other fluids. Bulletins 
No. 39 and 300. 








Recorders for pressure, temper- 
ature, drafts, liquid level and other 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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sary for most purposes. More useful the external spring. The ady 
application can be made to the direct breaking down the frictio) 
measurement of friction in such appa Coulomb force and a viscous « 
ratus as airplane control systems, by is that they can be recombins 
supplying an external spring fore the resultant total energy 
larg e! ough to give several pe aks on cycle, or to give an equivale t 
the transient, and recording the motion coefficient, at any desired { 
with, say, an electrical strain gage on and amplitude. 
T 
APPENDIX DERIVATIONS AND EQUATIONS 
The Jifferentio equatio f motior 
2 
mi. c SX + kx 2F O 
| it dt 
| For the first half cycle velocity and F are negative, giving 
2 
dx + -£ ee z. k Fo 
dt ’ dt m m m k 
2 
d x dx 2 2 
or =< ox 4 
dt? +22 Wn; +, x w,, Kom 
The solution is 
Lw,t 
—— 
, > at 
= 
K* Kon + ad's cos(wt - g) 
A and g are fitting constants determined by initial conditions Substituting x= x 
x ~ x 
at t=O, A is found to be rot pe Substituting wt = W gives the first peak 
CCS\- 
value x n terms of x.: 
i . ¥ 
foyt & 
vi-2 § 
XK) = Kom ~ (Xo Kem) € = Kem — (Xo - Kem) € 
The ath peok in terms of the (a-!) th peak is 
Oe a 
| Ke © -(xa- +(-1) Xeq)e (-1) Xo, . 
} To get the ath peak in terms of the peak a=O, values are found successively 
for a 2, 3, and the general form is_ derived by mathematical induction 
| For « | 
| B 
| x (x, Kom) e " £21, 
For a 4 
5 
§ 
x {* + Kem be BS Xom 
CF § £ 
The Xo Kemi@ © ee ere he 
6 8 
; > ) 
(Xo - Xem)e - 2Xem \e f~ Xom 
For a = 3 
x, * {Xe Kem {O° + Xom 
»& § L 
“sis 2 
= {[(x0- xem) e 2 kome -Xem | Xom Sit tae 
34 & §. 
2 5 2 
- (x, -Xem) + 2xem fe +e + + Rem 
For Az a 
atts a § o { & 
no {-l) (x, -x,,)e —(-1) 2 kom} e oe Sy + b K 
The absolute value, rearranged, is 
x4 1 
Xql = (Ixol + xem) e + Kem _ ee +e +e + +e + € 
. 
The bracket 3 is Oo geometr progression f first ter } P *] 
atio r e * The um of an _ infinite number f tern S giver by 
gs: -? —, 
r jig "“Z 
‘ x S measured from an maginary zero af , n y 
6 
x4 | : 
Xa! Kat Kem) € . x, +¢é - 
\i-e 
s | 7? 
) 4 yi Sl ¢€ oS 
K+ Reg € Kee | —————»— 
\ SH 
weer 6Y 
| \ 
| & \ 
' i+e * 
he quantity Kom = par Kom D 
ee 
is constant, hence Xa! Ss an exponential! with logarithmic decrement equa 
to thot which would obtain if there were no coulomb friction present, minus 
a constant 
DEFINITIONS OF SYMBOLS 
m moss coefficient | t = time 
Cc damping coefficient x = displacement on record (proportiortional tf 
k = spring coefficient the displacement of any part of the system 
r 
F maximum coulomb friction force Wa! ® 4a 2m(undamped notural frequency) 
(occur rin while there is motion) | ——, 
= ‘ 3 E w=V7I-2*%w, * 2m (natural frequency) 
: * Bik ° domping roto ow 2k / 
v | ‘= = 2nd for small 
X = peok number = Trwt | v¥i-Z 
ae = = logarithmic decrement 
cm k 
9-28 42. 
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records the audible and inaudible VIBRATIONS 
of forging .. . casting ... armour plate 
The resonance of steel reveals its weakness and its strength... how well it w ll with 


stand impact. undergo strain and vibration. 
\t Waugh [aboratories we Speci ialize in determining, recording ind analyzing the 
ettects of strains. fOrcees. iccelerations and vibrations On materials and Structures ol 
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cone is pulled inside the split ring, expanding it Fig 





Ordnance Production Gaging 


By CAPTAIN RUSH A. BOWMAN 


In charge of Pittsburgh Gage Laboratory, Ordnance Department, U. S. Army 


CHAPTER V into these holes, proper functioning will result. The 
purpose of the gage, then, is to show which holes, 
are incorrectly positioned or aligned. The determi: 


POSITION AND ALIGNMENT DETERMINATION 


rn x . eeekt : P . ‘cence al a - ” . a ; 
No attempt will be made to discuss all types of gages required are: (1) The alignment of the bore A 


used in determinations of position and alignment, because square hole B. (2) The alignment of bores C and D ( 
there are as many gages as there are problems. A position are eoaxial) with the square hole B. (3) The positi 
or alignment gage, in general, is an assembly of a number alignment of the shoulder E with the center line of 


of different gages in one unit. For illustrative purposes, one Pp and C. 
gage involving most of the problems arising in position and 
alignment determinations will be discussed in detail. (1) Alignment of bore A with the square hole B. 

One type of gage, however, may be definitely classified 
as a position and alignment determination gage; namely, 
the concentricity gage. This type, therefore, will also be Bl 
treated in this chapter. 

Position and alignment determinations involve, generally, 
the use of a gaging fixture. The purpose of the gaging fix- 
ture is a functional inspection of a component part. An 
attempt is made in every gaging fixture to simulate in so 
far as possible the conditions which will exist in an as- 
sembly. 


ing mandrel. 


This alignment is determined by rigidly mounting 
same frame an expanding mandrel, Al, and a squar 
. The component part is placed over the expanding 
drel, and the mandrel is expanded by the drawing 
cone within another as shown in detail in Fig. 2. Whe: 
mandrel is expanded, the center line of the bore in the « 
ponent should coincide with the center line of the expa 


f 
?) 


The component part is then swung on this mandre! 
the square hole is in line with the square plug B1 whi 


A TYPICAL POSITION AND ALIGNMENT PROBLEM shown in detail in Fig. 3. This plug B1 is then slid 


Fig. 1 shows a hypothetical but illustrative component this opening. The plug should fit freely with no forcing 


part, and the fixture gage for inspecting it. The purpose A new consideration in gage design is here involved. 


of the gage is to determine that the part will function us suppose that the thickness of the hole in the part 
correctly. The mere fact that holes A, B, C, and D are the’ 1.000” + 0.002”. This plug should not serve as a sizing | 






Lu 


correct size is no indication that when parts are assembled the actual sizing of this hole should be accomplished wit 


SH 





CVIPONENT PART 


COVER PLATE 


= 
Fig. 1. Component Part and Fixture i 1X TURE HAS BEEN REMNOVEL 
(sage to check it. The cover has been . Lee oe = = Ove 
removed for _ illustrative purposes GAGE 


nly. It is an integral part of the gage 
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2. Detail assembly of Al in Fig. 1. As the handle is screwed up, the 
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3. Detail of square plug Bl in Fig. 1. Note chamfers on 








e plug gage whose size on the “go” dimension would 
01” + 0.0001”. If this size were used on the plug in 
ture gage, it would unduly restrict the tolerances to 
the manufacturer could actually work. A rule is, 
e, used in the determination of size for this plug: 


Take 40% of the allowance* between the male 
female parts of a given assembly. For a gage 
easuring the female part, this percentage is sub- 
icted from the minimum size. For a gage meas- 
ng the male part, this percentage is added to 
e maximum size. 
There is no wear allowance* 
Gage tolerance* is 10% of the allowance between 
e male and female parts. It is applied plus on the 
ige for the female part and minus on the gage for 
he male part. 


on these gages. 


will be readily seen that this is not only a fair but 
» a most logical solution to this problem. It is quite es- 
tial that due consideration be given the actual func- 
ning of the part, and this rule is designed to do just 
it. 
Pursuing this method, let us assume that the allowance 
tween this hole and the part which moves in it is 0.005”. 
Now 40% of this 0.005” is 0.002”. This then is subtracted 
om the size of the hole with the result, 0.9980", as the 
basie size of the plug. 10% of this allowance is 0.0005”; 
ind the plug is therefore dimensioned 0.9980” +- 0.0005”. 
Furthermore, let us assume that the width of the hole in 
the part is 1.500” + 0.010”, and that the part moving with- 
n it has a basic width of 1.490”. Basic size of a gage would 
be the basic size of the part, 1.500”, less 40% of ten thou- 
sandths, or 1.496”. The tolerance (10% of the allowance 
0.010") would be 0.001”. And so the plug would be dimen- 
sioned 1.496” + 0.001”. It should be noted that a chamfer 
is shown on the corners of the square plug. Reference to 
Fig. 1 will show that there are fillets in the corners of the 
square hole. The chamfers must, therefore, be taken on the 
corners of the plug in order to eliminate the possibility of 
interference. Radii or rounds could be made on the square 
plug in order to meet this contingency, but chamfers are 
the common practice, because they are more easily made 
and because they provide sufficient inspection in that they 
maintain a flat surface as far as the break of the radius. 


(2) Alignment of bores C and D with square hole B. 


This alignment determination is accomplished by means 
of a plug, one portion of it being of expanding design (See 
Fig. 4). After the square plug has been inserted in the 
square hole (See Figs. 1 and 3), the expanding plug shown 


Fig. 4. Detail assembly of C1 in Fig. 
1. As handle is screwed up, upper 
portion will expand. In assembly, 
surface F fits down through both G 
in square plug and D in component. 








Fig. 4 is inserted into the holes C and D in the com- 
ponent part. Surface F' of the plug should be a snug, slid- 
ng fit in hole G in the square plug. The expanding portion 
if the plug is then expanded as far as possible, thereby 
ligning the plug with hole C. In this position, surface F 


*See Chapter 1 





A Contribution to the War Effort 


This unique serial is based on the remarkably suc- 
cessful course of lectures by Captain Bowman (then 
Lieutenant) to us Reserve Officers, in which he com- 
bined the fruits of his civilian experience as Gage 
Supervisor and of his Ordnance training. 


—M. F. Behar, Editor 











of the expanding plug should fit into hole D without force. 
The diameter of portion F’ should be sized in accordance 
with the 40% rule given in connection with the square 
plug. And it should be borne in mind that the function of 
this plug is not an inspection for size of the hole in the 
component part. The determination of the size of this hole 
should be made with plug or other standard type gages 
without reference to position or alignment. 


(3) The position and alignment of shoulder E with the 
center-line of bores B and C. 


This alignment is accomplished by means of two flat slid 
ing pins, H and J, in the fixture gage. These pins are accu- 
rately positioned with respect to alignment from the hole 
G in the square plug which determines the center-line of 
holes C and D. These pins are flat and represent the maxi- 
mum and minimum distances from the center-line of C and 
D. It should be noted that in this case, inasmuch as hole G 
represents definitely the center-line of C and D, and the 
square plug is in a definite position within the fixture, a 
definite distance is in this case maintained for purposes of 
inspection. The distances from the center-line of the hole 
H to the square pins are dimensioned directly to the com- 
ponent distances rather than based upon the system used 
for the dimensioning of the square plug. 

This gage then accomplishes the inspection of the three 
conditions required of it. Other special or fixture gages 
must be designed in the same way, that is, to break down 
the whole gaging problem into a plurality of simple gaging 
problems, each of which can be solved by some simple 
means, and then to assemble these gages into a single fix- 
ture to inspect on a functional basis under conditions par 
alleling final functioning as closely as possible. 

With respect to the incorporation of particular types of 
simpler gages into a fixture gage—a word of advice and a 
word of caution. Although a flush pin type was not used in 
the fixture we discussed, flush pins have been found quite 
adaptable to fixture type gages. The use of springs is not 
recommended because they usually are not dependable and 
they should not be used where they will enter into meas- 
urement. 


CONCENTRICITY GAGES 


Concentricity gages as a class are identified with position 
and alignment determinations. Some of the simpler prob 
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Fig. 5. Cylindrical Concentricity Plug shown inspecting component part 
(shaded) to determine that the two holes are concentric within the limits 
of tolerance specified. 


lems are solved with fixed gages. One of these is shown in 
Fig. 5, where only one alignment is involved. Where such 
a fixed type gage is used, its design is governed by the 
10% rule as discussed earlier in this chapter. The great 
majority of concentricity determinations are made with in 
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trialists realize the importance of hav- 
ing accurate measurements of their 
stored liquids available at all times. 
LIQUIDOMETER Tank Gauges insure 
true, convenient, hazard-free. 100% 
automatic readings. No pumps, valves, 
or auxiliary units required to read 
them. Models are available so that 
readings can be taken remotely from 
or directly at the tank. Remote reading types utilize balanced 
hydraulic transmission system which completely compensates for 
temperature variations on communicating tub- 
ing. Accuracy unaffected by specific gravity 
of tank liquid. 

Approved for gauging hazardous liquids by 
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maintaining minimum or maximum liquid levels. 
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dicating type gages. One of these is shown in use iy 
In this gage, the reference surface (with which the 
let diameter must be concentric) is the pitch dian 
the nose thread 
has been established as concentric with the body 
shell. The arm which carries the indicator is r 


which in previous machining op 


fitted to a cylindrical surface which is an extensic) 
male thread screwed into the nose thread of the s 


should be noted that the ‘‘runout’”’ shown on the 
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Fig. 6. Concentricity Gage for determining concentricity of the pitct 
ameter of the nose thread and the bourrelet of the shell. The readt 
the dial, as the arm is rotated, is twice the eccentricity of bourrelet 


the thread (U, S. Army photogr 
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Fig. 7. A shell is here being inspected to determine relative concentric 
of diameters along the outside of the shell. 











actual eccentricity of an outside diameter from 
r line of the shell. 


ndicating type concentricity gages, however, are 
y used for the inspection of more than one align- 
termination at a time. Such a gage is shown in 
The shell seen in this figure is rotated on four 
bearing surfaces. The indicators, positioned along 
side and in the cavity at the base, determine the 
‘of the diameter at these points. 





Fig. 8. Inspecting a rather complicated Fixture Gage (for a Point Deto 
ng Fuze). Note the use of flush pin gages. The fixture gage is so de 

signed that when the pins are inserted in the component the relative posi- 
s of the center lines will be shown by the flush pin ‘‘steps 


As noted in previous chapters, indicators are frequently 
employed in size determinations where speed is required 
{1 where mastering is simple and easily accomplished. It 
S In concentricity determinations, however, that the indi- 
ator really comes into its own. The indicator is essentially 
. comparator. Note that the indicator compares the center 
ne of the shell in one position with the center-line in an- 
ther position, indicating the variation from the center-line 
the outside in different positions, but not the actual dis- 


nees. 


INSPECTION 


rture Gade Ss 


If a fixture type gage is an assembly of simpler typs 
iges, it follows that the inspection of the fixture gage 
esents the same problems as the inspection of a number 
simpler type gages. But, in addition to the inspection of 
e various parts of the gage, the gage must also be in- 
ected as an assembly—which means that the relative po- 
tions and alignments of the simpler parts must be checked 
the assembly. 

The inspection of the parts which are simpler types of 
ges will entail the same inspection problems as have been 
itlined in the previous chapters. These gages should first 
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electronics in temperature control. 
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Believe it or not. the 
efficiency of a twenty 
ton tank depends 
largely on the Eplab 
Standard Cell, weigh- 
ing only 3 ounces. 

Accurate control of 
temperature, all im- 
portant in the anes 
of armament, is el- 
fected by potentio- 
metric instruments. 
Their “heart”, in most 
cases, is the Eplab 
Standard Cell,—a 
“yardstick” for meas- 
uring unknown volt- 
ages for translation to 


ge: For lasting accuracy in 
temperature. " F..» temperature control, use 
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Scientific Instruments, Newport, R.1., U. 5. A 
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be checked for size without reference to the assemb 
The fixture gage may be disassembled when it is 
ble to perform these inspections otherwise, but it 

not be disassembled for inspection purposes as a n 
routine. Fixture gages are, of course, built in such 

ner that disassembly and assembly should not alt 
functioning. 

The inspection of the gage as an assembly wil 
always entail surface-plate work. Surface-plate pra 
outlined in the preceding chapter should be used, ar 
the gage should be approached from the standpoint 
inspection of the several phases. 

The portion of the gage to check “(1) The aligm 
the bore A with the square hole B” consists of the 1 
and the square plug as previously noted. It is neces 
determine first the center-line of the expanding n 
This may be done by relaxing the split ring, sett 
fixture on a surface plate, and then indicating thi 
level. Knowing the diameter of the ring (it can be 
ured), the exact center-line is determined. The top 0) 


surface of the square plug should then also be indicated 
level. This may entail perhaps some shimming of the base 
since it need not be a parallel plane. The split ring wi 
again have to be indicated level and its center-line once mor 


determined. The center-line of the expanding mandrel] i \ 
parallel to the top and bottom planes of the square plug 
Their relative positions may now be measured. A precision 
square may be used to determine that the center-line of the 
expanding mandrel is perpendicular to the sides of the plug, 
and of course the square plug should be inspected to deter 
mine that its sides are normal. In this manner it has bee: 
determined that the expanding mandrel and the square 
plug are positioned correctly. 

The other two alignments involved should be considered 
similarly; and the inspection set-ups to meet the specific 
cases will suggest themselves. 

Fig. 8 shows the inspection of a fixture type gage. In this 
case, instead of indicating the pin in the foreground level, 
gage blocks are inserted under the pin and the gage ad 
justed until the same set of blocks may be slid under th 
pin at any point along its length with the same “feel.” 
Inspection of Concentricity Gages, 

Indicating concentricity gages invariably connote rota 
tion either of the gage around the component part as in 
Fig. 6 or of the part within the gage as in Fig. 7. The only 
important consideration in inspecting this particular type 
of gage is that the center-line around which either the part 
or the gage is rotated should remain constant throughout 
the rotation. In Fig. 6, for instance, it is necessary that 
the bearing surface of the arm and the mating bearing 
surface of the plug be absolutely round. In Fig. 7, if rolle: 
or ball bearings are used (as they often are in place of 
tungsten points) these bearings should not be measurabl) 
out of round and they should run true. 


Have you any ideas on 
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Skill Training for Aircraft Instrument Technicians 


Editorial by C. H. SMITH, Guest Editor 


President, Chicago School of Aircraft Instruments 


N the rush and hurry of training the thousands 

of aircraft instrument mechanics needed to help 
maintain our war effort, one important factor 
seems to be overlooked all too often—the fact that 
the work of the instrument technician is, after all, 
a highly skilled function. Like the toolmaker and 
the watchmaker, the instru- 


ber of tools and a maximum amount of skill. To- 
day, he often must make his own repair parts, be- 
cause the desirable replacement parts cannot be 
obtained without great delay. Particularly is this 
true of the instrument man in the Army and Navy, 
who may be called upon to do a complete overhaul 

job in some overseas air 


ment mechanic must be a 
master craftsman. And, like 
the toolmaker and the 
watchmaker, he cannot 
learn his craft out of books. 
True, instrument work is 
a combination of many 
skills, and the worth-while 
instrument man must have 
his “book learnin’”’ too. He 
must be taught what the in- 
strument is, where it is 
used, and how it operates. 
He must be taught, also, 
the principles of instrument 
calibration and repair. But, 
unless he has acquired the 
proper manual skills and 
techniques, all of his know]- 
edge will be of no real prac- 
tical value to him as an in- 
strument mechanic. 
Moreover, the instrument 
man of today must be a 
more competent and_ re- 
sourceful instrument tech- 





Clifford H. Smith, 
President of the Chi- 
cago School of Aircraft 
Instruments, has liter- 
ally spent his entire ca- 
reer in industrial train- 
ing work. At eighteen, 
after a year at Purdue 
University, he joined 
his father at the In- 
dustrial Training Insti- 
tute in Chicago to take 
charge of that school’s 
Student Welfare Divi- 
sion. During the 18 
years that have elapsed 
since then, he has served 
as Vice-president of the 
Industrial Training Institute, in charge of the 
training of more than 400,000 students in different 
industrial fields. During that time he also man- 
aged to graduate from Northwestern University 
School of Commerce. When the Industrial Train- 
ing Institute took over the Chicago School of Air- 
craft Instruments in January, 1942, Mr. Smith 
was made Pres‘dent of the C.S.A.I.; and it is he 
who has been responsible for its amazingly rapid 
growth to the large and well-equipped school that 
it is today. His own eighteen years of previous 
experience in industrial training work, coupled 
with the accumulated resources of the old-estab- 
lished Industrial Training Institute, bring to the 
aircraft instrument field a combination that is 

perhaps unique and certainly fortunate. 


base. 

Yet, time does not permit 
putting the future instru- 
ment mechanic through the 
normal type of an appren- 
tice training. The months 
that should be devoted to 
teaching the instrument 
man the use of hand tools 
and bench tools cannot be 
spared. His training today 
must be short and snappy, 
and yet complete. 

This necessity has led to 
the development of a unique 
skill training program 
which is now in operation 
at the Chicago School of 
Aircraft Instruments. 
Here, newly enrolled stu- 
dents, civilians and enlisted 
men alike, are put through 
an intensive primary skill 
training before being per- 
mitted to practice on actual 
aircraft instruments. This 








nician than ever before, because, in the majority of 
cases, he is working under conditions where he 
loes not have at his disposal all of the latest types 
f tools and test equipment, and often does not have 
iccess to a complete stock of repair parts and sup- 
lies. Today, the instrument mechanic must be able 
to overhaul his instrument, using a minimum num- 


so-called primary shop training is intended to, and 
does, teach the would-be instrument mechanic all 
of the basic skills that he must possess to do reai 
instrument work. He is taught the use of small 
hand tools, taught to operate bench lathes and 
jewelers’ lathes, taught how to make his owa spe- 
cial tools, how to stone and polish pivots, and many 
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Fig. 1 
lathes and 


Beginners in one of the primary shops learning to operate bench 
jewelers’ lathes as part of their skill training. Students in the 
background are making small hand tools 


other operations such as broaching, peening, hair-spring 


straightening, soldering, 
takes from 100 to 120 hours of actual school work 
it is accomplished through the means of shop projects care 


and so on. The whole process only 


because 


fully designed to give each student ample practice on each 
necessary skill. 

Students begin their training by making specialized tools 
that they will use throughout the remainder of their instru- 
ment and in subsequent actual instrument 
haul work. (See Figs. 1, 2 and 3.) Air Force students in the 
Mechanical Instrument School make such special tools as an 
offset screw driver, pointer lifting tool, pointer staking-on 
tool, etc. Students in the Electrical Instrument School make 
special Weston wrenches, electrical instrument 
movement stands, special screw drivers, ete. 
Those students who are specializing on gyroscopic instru- 


training over- 


assembly 
assembly 


ments make such different tools as ball-bearing polishing 
tools, special pivot and race lapping tools, special wrenches, 
etc. Students in the school’s Civilian Classes make all of 
these tools, since they must work on all three types of in- 
struments. 

Each student then builds a specially-designed instrument 
mechanism from raw materials. (See Figs. 4 and 5.) This 





Fig. 3 
Chicago School of 


Aircraft Instruments 
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Some of the hand tools made by one class of Army Air Force students during their first two weeks of work at the 
Most of the men in this class had had no previous mechanical experience or training. 











> 


Fig. 2. This student is turning a 0.006” pivot on a jeweler’s lathe 
of the primary shop projects that teaches the embryo instrument man 
racy and the use of precision instruments. 











mechanism, when finished, demonstrates clearly the gen 
principles of operation of type instruments 
gives the student an opportunity to learn the many spec 
ized skills required of the instrument maker. He must, 
example, lay out all parts on raw stock, cut, file and finis 
to shape. He learns drilling and tapping and the use of sei 
sitive drill presses for the handling of very small tools. H 
must turn numerous parts on both the bench lathe and t) 
jeweler’s lathe. He must make his own pivots and bearing 
surfaces, his own hand staffs, wind his own hair-spring:s 
and, in general, go through the entire range of operation 
that he must later be able to do almost as a matter of habit 

Above everything else, the student is taught to work a 
curately to close tolerances. One of the projects requires 
turning a pivot with a diameter of 0.006”. (See Fig. 2.) 
Many of the tools must be made to one thousandth of a 
inch accuracy. Long before the student has completed his 
primary shop training, he has learned to think in terms of 
thousandths of an inch and ten thousandths of an incl 
Micrometers, depth gages and other precision instruments 
are no longer mysteries to this student 

With this training behind him, the student can now ent: 
his classes on actual aircraft instrument overhaul, wit! 


pressure 



















































Master Manometer Panel for Prominent Aircraft Engine Manufacturer, 100% Meriam equipped. 


























MERIAM Manometers Conveniently 
Grouped for Aircraft Engine Testing 


The illustration shows how 
Meriam Manometers of 
standard design are suitable 


for panel board mounting, 





permitting close grouping of 
several instruments on the 


panel board. 





The manometers are used in both experimental 
and production testing of aircraft engines — to 
measure air flow, manifold pressure difference, 
venturi pressure, carburetor pressure drop, super- 


charger input pressure, air stack pressure, mani- 


fold pressure and crankcase pressure. 


All Meriam manifold pressure manometers and 
venturi pressure manometers are furnished to read 
directly in inches and tenths of mercury absolute. 
These units are provided with barometric scales 
for setting of main scale for changes in baro- 


metric pressure. 


The embodiment of 31 years of precision instru- 
ment making, Meriam Instruments are outstand- 
ing in both design and construction. The standard 
designs are described in Catalog C-10; copy avail- 
able upon request. If you have similar testing re- 


quirements it will pay you to consult Meriam. 


THE MERIAM COMPANY 
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assembling practice instrument mechanisms. These 


used in demonstrating calibration principles 


Fig. 4. Students 
when finished, are 
pressure instruments 


in his ability to handle any of the mechanical 
operations that he may be called upon to do. Now he can, 
indeed, devote all of his thoughts and attention to the instru- 
ments, themselves, and to the learning of the overhaul and 
calibration processes. (See Figs. 6 and 7.) Now, too, he can 
learn with many times the rapidity that he would if he had 
to acquire manual and went 
along. In the opinion of the Technical Staff of the Chicago 
School of Aircraft Instruments, the development of the pre- 


confidence 


his skills techniques as he 


liminary shop trainings has speeded up the entire learning 
for an mechanic at ¢, and pos- 
more. This has been particularly true in the Army Air 
School where most students have had little or 


instrument least 25° 


process 
sibly 
Force no pre 
vious experience of a similar kind before being assigned to 


nstrument work. 


te 





Fig. 6. Instrument mechanic 


calibration. 


assembling a sensitive altimeter prior to 
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rs 


mechanisms, 
utilized 





Fig. 5. Student nearing the end of his skill training, assem! 
in many an instrument mechanism, every piece of which he has mack 
from raw stock. 


Another vitally important benefit of this intensive s} 
training lies in the fact that it makes the graduate stud 
infinitely more resourceful; hence, it materially 
his value as a general all-around instrument mechanic. H 
can, for example, re-pivot instrument parts, if they cannot 
be purchased from the manufacturer and, thus, maintai! 
service instruments that would otherwise be beyond repa 
If no new hair-spring is available to replace the one 
has been damaged, he can fix the old one and make it v 
He can always do a better job, of course, with prope 
equipment and proper tools, and a supply of replacement 
parts to draw upon. But, if those items are not availal 
many times he will be able to do the job without them 
make the instrument function properly. 


increas 








— 


Fig. Instrument mechanic making a delicate adjustment on a sensi 


altimeter. 
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n Trained Aircraft Instrument Technicians 
























; ce SENTIAL, NON-COMBATANT, AVIATION SERVICE 


A........ the most vital force in military strategy — the most i 





progressive factor in communication and transportation . . . depends upon trained instrument 


experts tor accurate calibration, correct installation and proper maintenance of the | 





important navigation and indicator instruments necessary to every plane. With 

an air force destined to always be the world’s largest, with freight, cargo 
and passenger planes rushing men and materials to our 
outposts of defense it is evident that here is the field | 
for men who want to serve the forces of Victory yet have 
a lifetime career with highest pay and definite security. 

Chicago School of Aircraft Instruments is devoted | 
exclusively to the complete training of these skilled pre- | 
cision technicians for aviation. The school has the highest | 


recognition obtainable, including official registration by 





the Illinois Department of Registration and Education 


Army Air Force Student Assembling a Sensi- U.S. Civil Aeronautics Administration instrument repair 
tive Altimeter. 





| 
station approval (No. 1357) and commissioned by the | 
instructor Demontrating Sperry Automatic United States Army to train Army instrument men. | 
);] ie U ' 7 -a & > 
es ene heck Sharon. Graduates of the Master Course are eligible with- 
out further experience or examination for Civil Service 
appointments — even though two years experience are 
regularly required. These Civil Service civilian appoint- 
ments are key positions in the many Army and Navy 
Aircraft maintenance and repair depots. Instrument man- 
ufacturers and aircraft companies are contracting for 


students long before graduation so great is the need 





tor these expert instrument technicians. 
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Calibrating Pressure-actuated Instruments 


by Means of Graphs 


By ELSWORTH KEITH, Jr. 


Director of Training, Chicago School of Aircraft Instruments 


IME is such an important factor these days, that we 

have had to eliminate all lost motion in teaching air- 

craft instrument overhaul and calibration at the Chi- 
cago School of Aircraft Instruments. On top of that, we’ve 
had to turn out graduates who were ready to step into re- 
sponsible positions immediately, and without the usual six 
or eight months of apprentice experience that such a grad- 
uate would normally receive before being assigned to actual 
instrument overhaul work. Consequently, we’ve had to de- 
velop some new methods and refine many older ones. 

The calibration of pressure-operated instruments, such as 
manifold pressure gages, altimeters, airspeed indicators and 
rate-of-climb indicators, has always been a problem to the 
inexperienced instrument mechanic, and to many an old- 
timer as well. In fact, there are far too few experienced 
instrument technicians who can calibrate such instruments 
accurately. Yet, the process of calibration is not a difficult 
one, if the man who is doing it knows WHAT he is trying 
to do. 

It isn’t half so much a matter of technical skill as it is a 
problem in diagnosis. 

Let us take for example a sensitive altimeter that has 
just been completely overhauled by a skilled instrument 
mechanic—or by a student, for that matter. Let us say that 
it has been carefully inspected by the shop foreman, or, in 
the case of a student, by his instructor. The foreman knows 
that all pivots have been carefully inspected and refinished; 
all jewels cleaned; all gears adjusted to proper mesh; and 
everything else done to put the instrument in perfect work- 
ing order. Now the instrument must be calibrated—made to 
read correctly at all altitudes within its range. 

The mechanic takes the instrument to the test bench bell 
jar to find out how it will read in comparison with a master 
altimeter. He takes a reading at the pressure corresponding 
to an altitude of 1000 feet, another at 2000 feet, and others 
at intervals of 1000 feet to the limit of this particular in- 
strument’s range. Then he looks at the figures to see what 
they show, and begins to scratch his head. 

Our man knows all of the rules for calibration. He has 
been told that— 

If the instrument runs slow near the top of its range, move 
the diaphragm out, and if it runs slow throughout the entir¢ 
range, move the rocking-shaft lever arm in 

So, he begins to make adjustments. Perhaps he adjusts 
the rocking-shaft lever arm, first. Then, he takes a few 
more readings and finds that at certain altitudes his instru- 
ment now reads correctly, but at other altitudes it is just 
as far off as before—perhaps farther. So he makes other 
adjustments and takes more readings. Some of the adjust- 
ments seem to help; others make the instrument worse. He 
makes still more adjustments and, finally, in despair, con- 
sults the foreman or instructor about the problem. 

Let’s stop here for a moment. This man, who had previ- 
ously been able to see the results of his work as he went 
along—see the excellent condition of all the various mechan- 
ism parts after he fixed them—has suddenly lost his ability 
to see what he was doing. Instead of having before him a 
clear picture that he can see and understand, he now has 
nothing but a confused jumble of figures that only seem to 
get more confusing as he goes along. Soon, he even begins 
to lose faith in the excellent work he did in overhauling the 
instrument, because “the darned thing” just won’t calibrate. 
Finally, he lets “good enough” be his goal, and loses all of 
the pride and satisfaction which he should get from a good 
job well done. 

But—this man should have seen what he was doing, if he 
had only known how. The instrument man who has been 
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trained to use graphs in calibrating pressure instru 
and who has been taught how to interpret them, alway 
a clear and complete picture of his work, and will kn¢ 
actly what to do at any given time in order to calibrat 
instrument correctly. Moreover, once a man has mas 
the ability to interpret a graph as being indicative of 
tain definite corrective adjustments, he immediate] 
comes an expert at calibration, and can handle any cal 
tion problem on any type of pressure-operated instrun 
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For purposes of illustration, let’s follow one of out 
dents as he calibrates a sensitive altimeter that he has 
finished overhauling to the satisfaction and approval of 
instructor. 

First, he makes an ordinary “T” graph of the readi 
of the master altimeter from 0 altitude to 20,000 feet. Th 
he puts his own instrument in the bell jar and records 


the graph its readings at 1000-foot intervals. When he ge‘ 


done, he finds that he has a curve such as that shown 
the solid line in Fig. 1 (the straight vertical line is t 
reading of the master instrument). 

Our student now studies the picture that is before hi 
He sees immediately that his instrument is generally sli 
But, he also sees two other important things. First, he s¢ 
a sudden increase and decrease in the error between 10, 
feet and 12,000 feet, as indicated by the “bump” in 
graph line. Second, he sees that at the extreme top of 
instrument range, the reading becomes slow at a notice: 
increasing rate. 

That “bump” at the 10,000-foot level can mean only 





















New CABINET MAKES 





ACCURATE TESTS AT_/Gw/AND Hogé TEMPERATURES! 


Delicate precision instruments, like rugged fighting 
men, are being conditioned today for substratosphere 
temperatures and blazing desert heat. Predetermined 
performance is needed to achieve Victory more quicklv. 
Uniformly accurate tests are made by the Amcoil 
Model RTC-1, an all-steel test chamber combining 
mechanical refrigeration and electric heating. 


It ranges from minus 55 degrees C. to plus 70 degrees 


C. Interior content: 28.7 cubic feet. Thermostatic con- 


trol. Should reach minus 50 degrees C. in approximately 






one hour, without production load. Front panel board 
accurately controls entire operation. Five thicknesses 
of glass in door afford clear visibility of instruments 
under actual test. 

Amcoil engineers can help you determine your testing 
requirements. In addition to the RTC-1, there are other 
Amcoil chambers with mechanical refrigeration and 
dry ice, also for altitude testing. Let us advise you on the 


type of equipment best suited to prove your instruments 


under war conditions. 


AMERICAN COILS INC. 


25-27 LEXINGTON STREET - NEWARK, N. J. 
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Elsworth Keith, Jr., 
Director of Training at 
the Chicago School of 
Aircraft Instruments, is 
a typical product of his 
time. A young man, 
only twenty-eight years 
of age, Mr. Keith was 
selected as Director of 
Training for this school 
because of his unusual 
abilities as an Aircraft 
Instrument Technician 
and because of his nat- 
ural aptitude for educa- 
tional work. Today, in 
charge of what prob- 
ably is the largest school of its kind in the world, 
Mr. Keith is doing a noteworthy job—a job that 
many a seasoned professional educator could 
envy in more ways than one. To no small degree, 
the Chicago School of Aircraft Instruments is a 
product of this brilliant young man’s efforts, and 
the whole aircraft instrument field owes him a 
vote of thanks for his accomplishments. 
—CLIFFORD H. SMITH 
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thing—friction in the instrument mechanism. (It could also 
mean that the diaphragm unit is damaged, but, in this par- 
ticular case the diaphragm unit is known to be o.k.) The 
first thing to do, then, is to get rid of that friction, because, 
until that is accomplished, he can’t hope to get anywhere 
with his calibration. He, therefore, takes his instrument 
back to the work bench, locates the source of friction, and 
removes it. Now he charts the instrument reading again, 
and gets a curve such as the dotted line in Fig. 1, showing 
a generally slow condition, but without any “bumps.” 

He knows that when an instrument reads generally slow 
throughout its entire range, as this one does, he must make 
an adjustment in the mechanism. Suppose that the relation- 
ships between the diaphragm, rocking-shaft, rocking-shaft 
lever arm, and the link-arm are as pictured in Fig. 2. Any 
student who knows how to interpret graphs now knows that 
by moving the rocking-shaft lever arm in toward the rock- 
ing-shaft, as indicated in Fig. 3, a “slow” instrument will 
be “speeded up.”” Having made such an adjustment, he 
again takes readings at 1000-foot intervals and graphs 
them, producing a curve such as the solid line in Fig. 4. 

Our man has made progress. He now has his instrument 
reading correctly from 0 altitude to 16,000 feet. However, 
above 16,000 feet, the calibration is still poor, and the sud 
den curve to a slow indication can mean only one thing—a 
misadjustment of the rocking-shaft angle. 

Again, the student goes back to the work bench, this time 
to make a rocking-shaft angle correction by moving the 
diaphragm as shown in Fig. 5. Once more he runs the in- 
strument through its test. This time he gets a result as is 
shown by the dotted line in Fig. 4. Now the instrument is a 
little fast, which he expected might be the result of his last 
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adjustment. But, all “bumps” and curves have now been 1 


moved, and our student knows that the next adjustment 


will finish the job. This simple adjustment is shown 
Fig. 6, where the rocking-shaft lever arm is moved slight 
away from the rocking-shaft, thus accomplishing perf« 
calibration. 

The entire calibration process of pressure-actuated 
struments is a simple step-by-step elimination of the 
vidual errors which cause the instrument to ead incorrect 
To perform such a calibration in the least possible time, 
fact, to do it all, requires that the mechanic be able to d 
nose the faults that are inherent in the instrument, 
that he know which are to be removed first and whic! 
leave until later. Graphs, alone, will not supply the ansv 
They merely furnish the picture, which the mechanic n 
be able to read. However, once he has been taught to 
the graph and to understand its indications, he knows 
every step of the way, exactly what to do next. Ther 
be no lost motion, no retracing of steps, and, to the prop: 
trained man, no result except proper calibration. 

Today, all students at the Chicago School of Aire 
Instruments, both Civilians and Army Air Force enlis 
men, are taught to make and read graphs before they « 
begin to work on instruments, themselves. Calibrat 
therefore, holds no terrors for them. 
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Jtosyn 
Self-Synchronizing Motors 


Reporting, Sir!” 






1 ever an indicating instrument is needed, remotely 
located from the source of indication — the Bendix 


AL TOSYN Self-Synchronizing Motor does a keen, de- 
pendable job. These motors function between source 
and one or several remote stations, with an uncanny 
accuracy. The slightest angular movement of the trans- 
mitting rotor will instantly cause the associated rotor to 
seek synchronous position. Bendix AUTOSY N Motors 





are made in a variety of sizes. They are equally reli- 
able, equally adaptable for transmitting indications of 
pressure, temperature, rate of flow, count, position, 
liquid level, voltage, amperage or resistance. Engineers 
are invited to write for our Bulletin on Bendix 
AUTOSYN Self-Synchronizing Motors. 

AVIATION CORPORATION 





AUTOSYN Self-Synchronizing Motors produced by the Marine 


Division are vital members of “The Invisible Crew’ — (the cians B E N D | x " M A R " N E D | Vv | S i oO N 


} 
| 
built equipment and controls made by 15 Bendix Divisions) on 
Juty with our fighting crews on every front One Hanson Place, Brooklyn, N. Y. 
| 
| 
| 
| 
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GROVE 


SIMPLICITY 
accumacr 


The 
Portable Method 
of Checking 
All Types Of 
Pressure 
Gauges 








® Compact, portable and 
fully self-contained. 
® Built-in high capacity 
rechargeable air cylin- 
Figure the amount of time, trouble and money ders. 
u Save when you check your pressure gauges 
in-place’ without removing them from their 
inels Or mountings; without disturbing ex- 
sting line connections. The portable Grove 


® Precision laboratory test 
gauges accurate to with- 
in 4, of 1% full scale. 


neumatic Gauge Comparator gives you this ® Completely equipped 
'ast accurate means of accurately checking any with tubing, connections 
rvice gauge in service. Write today for and accessories. 
letin 300, : 





GROVE REGULATOR COMPANY 
1733 67th Street, Oakland, California 






ere: Branch Offices: 
644 Navigation Blyd., Houston, Texas—30 Rockefeller Plaza, New York City 
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The building on the left is the present home of the Chi- Fig. 2. A part of the Army Air Forces School, handi‘ng 180 
men at a time in two eight-hour shifts. A similar Civilian school 
handles 315 men in three six-hour shifts. 


Fig. 1 
igo School of Aircraft Instruments. At right, former Administration 
Building of Industrial Training Institute, now an Army barracks 





Mass Training of Instrument Mechanics 


to Meet War Needs 


By C. H. SMITH 


President, Chicago School of Aircraft Instruments 


Typical of the America’s private aircraft 
instrument schools, is the story of what one such sc! 


HEN Japanese planes appeared over Pearl Har- job done by 


bor last December 7, it is doubtful if there were 


more than two hundred specially trained aircraft 
instrument technicians in all the United States. Most of 
these were concentrated in the instrument repair shops ot 
our large airlines, for, after all, only our commercial air- 
lines and a few of our military planes used anything but 
the simpler type of aircraft instruments. Then, suddenly, 
the aviation industry was called upon to produce 185,000 
military airplanes in less than two years—every such plane 
equipped with all of the latest type of aircraft instruments. 
3efore that time, only a few hundred aircraft instrument 
technicians had been needed in this country. Suddenly, 
thousands of them were needed. And, every such man had 
to have months of training to be of any value. 

To provide all of these trained instrument mechanics, 
there were only two or three relatively small schools in the 
whole country. New ones could not be established, because 
the delicate test equipment and the precision tools needed, 
as well as the necessary practice instruments for student 
work, literally couldn’t be procured for love nor money. 
Such test equipment, tools and instruments as were avail- 
able were needed by fighting planes and instrument men 
on fighting fronts. Yet, these thousands of instrument me- 
chanics had to be trained, and it became the task of the 
few schools that existed at the beginning of 1942 to find 
some way of doing the job. 


Fig 3. A typical section of the Civilian School, showing a class 
of fifteen men working in the Pressure Department under the 
supervision of an Instructor 
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has accomplished since January 15, 1942. 

On that date the Chicago School of Aircraft Instrument 
in its quarters on Chicago’s Municipal Airport, had _ th: 
necessary equipment, space, and staff for training approx 
mately thirty instrument mechanics at one time. As of 
August 15, exactly eight months later, this school has a: 
Army Air Forces School set up to handle 360 enlisted me 
at one time, and a Civilian School with a capacity of 
civilians at one time. This total of 675 students in on 
school would not be a great number in an ordinary voca 
tional school, nor in a modern radio school. In fact, a grou; 
of 675 students is a small number for any experienced edu 
cational institution to handle. But, in an aircraft instru 
ment school, 675 men is a group of colossal proportions 

In a well-equipped instrument school, every student mus 
have at his disposal, for actual practice work, at least 
$10,000 worth of the latest types of aircraft instruments. 
He must have available for his use at least $15,000 worth 
of precision test equipment and tools. To expand this small 
school from a capacity of thirty men to a capacity of 675 
men constituted a procurement problem of staggering pro 
portions. Moreover, you can’t teach instrument mechanics 
without instructors to do the job. Great as has been the 
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Fig. 4. Pressure Department test benches in the Civilian 
School, where students calibrate all types of pressure instruments 
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MAXON PREMIX i Unwanted Sound: 


OWER-MIXER... 
USTRIAL GAS BURNERS 


e a@ proper gas-air mixture, auto- 










-ally adjusted to meet changing 





itions, with this well-known unit. 





Borber-Colman Controls find many uses, 





such as this one, where accuracy and 






dependability are important. 








a2) yy 
2TT MAINTEN ha 



















BARBER-COLMAN COMPANY 


bi) me tele Si are me tela die) im miaa) ell; 








IF YOUR 
PIVOT POINTS 
ABs D0 THIS 


| A ‘ 














Audibility unlimited—unwanted sounds 
at practically zero! That’s the per- 
formance of a Shure Super-Cardioid 
Communications Microphone. The 
ONLY Microphone that combines 

(1) special speech response for greater 
intelligibility with (2) the Cardioid 
pickup pattern sensitive at the front 
—dead at the rear. At Airports where 
background noise and other acoustic 
interference is present... use a Shure 
Super-Cardioid for the traffic control 
tower and paging systems. 


IT’S TIME TO SPECIFY 


PERMOPIVOTS 


PERMOPIVOTS are tipped with 
Permometal*, a special alloy 
which is exceptionally resistant 
to wear... is non-corrosive... 
non-abrasive ... and often elim- 
inates oils for lubrication. 

Permopivots are made to exact- 
ing specifications. They will in- 
crease the life and accuracy of 
nearly all precision instruments. 


* TM. REG. U.S. PAT. OFF. 


WRITE TODAY FOR FREE 
DESCRIPTIVE FOLDER 


PERMO PRODUCTS CORPORATION 
MANUFACTURING METALLURGISTS 
6423 Ravenswood Ave., Chicago, Illinois 


SHURE BROTHERS 
Designers and Manufacturers of Microphones 
and Acoustic Devices 


225 W. Huron Street e Chicago 







Permopivot after test 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 





Philadelphia Merc-to-Merc 
Temperature Controls and 
Mercury Plunger Relays 


* 
The Philadelphia Thermometer Co. 


915 Filbert Street *t- Philadelphia 
WRITE FOR CATALOGUE 
No. 104 


Oldest Thermometer Manufacturer 
in Philadel bhia 














PHOTOVOLT 
ELECTRONIC TIMER 


An adjustable timing relay operating 
without clockwork or motor. 


® High speed timing, from 144 sec. up. 


® Immediate automatic resetting 
® Push button and remote control 








Any number of standard units can be 
combined for 
Sequence Timing and Recycling 
in continuous operation. 
I or 
Production and Process Control 
Welding, Printing, Signaling 
Laboratory Use and Life Tests 


Write for literature 


PHOTOVOLT CORP. 


95 Medison Ave. New York City 
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The Month’s NEW 
INSTRUMENT 











In this department we strive to report each month ALL the new devic 
for measurement, inspection, testing, metering and automatic control— 
the form of concise technical descriptions. When writing to manufacture 
directly, please mention this department as your source of informatio 
Or write to Information Section, Instruments Publishing Company. 





Field Rheostats 


New series of pressed steel field rheostats 
with solid rectangular contacts are said to 
provide a finer degree of control, smoother 
operation, and certain economies where in 
terpolating would 
required, Rectangular contacts are available 


rheostats otherwise be 


in small and large sizes. Small rectangular 


contacts can be furnished on 13” or smaller 
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rheostats. Large rectangular contacts can 
be furnished on &” or 
Rheostats with rectangular contacts can be 


enclosures, fittings 


larger rheostats 


furnished with complete 


for conduit connections, motor drives and 
with accessories for floor, back-of-board 
ind concentric mounting. Fixed and adjust 


ible stops to protect control equipment can 
he provided. Ward Leonard Electric Co 
Wount Vernon, N rs. 


Nine-step Ayrton Shunt 


for Galvanometers 


New Fisher 
range of a laboratory galvanometer 
fold and obviates the need for makeshift 
electrical wiring. With it, a single galvano 


Ayrton Shunt increases the 


many 





meter can be used to measure current in 
steps of 1, 2 5, 10, 50, 100, 200 or 500 
times its normal range. These nine steps 
are Obviously more useful than the 1, 109, 
100, 1000 factors of ordinary Ayrton shunts. 
New shunt makes it possible to have gal- 
vanometer range only slightly greater than 
maximum current being measured at any 
time, hence maximal deflection for slight 
changes in current. This enables closer read- 
ing and, therefore, 
nations. Fisher Ayrton Shunt has a resist- 
ance of 2,000 ohms. which is correct for use 
with Fisher “Model F” 
(When other galvanometers are to be used, 
an inexpensive proper value 


more accurate determi- 


mirror galvanometet 


resistance of 





will adapt new shunt.) The complete { 
is about four inches square and le 
Fisher Scientific Co., 711 Forbes St 


burgh, Pa. 


‘ic: . 

“Eight-in-one” Manometer 
New “Model A-338’ 

well type direct-reading mar 


ometer specially designed fo) 
testing aircraft instrum 
It has a flexible scak 


rangement so that this 
instrument can be uss t 
test all aircraft instrun 
operating on the pressurs 
vacuum principle. It is 
to have extensive applicat 
in laboratory and field 
icing for checking calibra 
to determine functionins 
these classes of instrument 
It incorporates an eight-s 
scale selector, permitting 
selection of proper scal 
particular aircraft instrun 
being checked, All scales 
adjustable to suit baromet 
conditions in any specifi 
eality and are direct-readir 
in miles per hour, kr 
pounds, inches, millimete 
ete. The range is from 

61 inches of mercury 
water. An integral ret 
well prevents loss of ind 
ing fluid.—The Meriam ¢ 
1971 West 112th St., Cl 
land, Ohio. 





Bench Type Dynamic 
Balancing Machine 


New “Model 335 Dy-Namic’’ balan 
machine is most recent addition to mak 
line of industrial dynamic balancing 
chines ranging from 4 oz to 1000 
in capacities. Its limits for rotating-| 
weights are approx. 6 oz, and approx 
Ibs. It has been especially designed for 
tremely accurate determinations on 1! 
ing components of precision equipment 
is said to utilize a new balancing pril 
whereby the position and amount of unl 
ance are both indicated at the same 
is in the most expensive machines, but 
mitting such results to be obtained 
in easily-onerated low-cost machine 
Ufa. Co., Rock Island, Ill. 
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stratosphere Chamber” “LUBRI-TACT” PORCELAIN TUBE RHEOSTATS 


ting mechanical parts of aircraft 
; radio used in high-altitude work, 
phere Chamber” has an inner cham- 
of approx. 245 ft. operates be- 
peratures of 200°F. and —75°F 
internal pressure variation from 
t location of unit to 3” of mercury 
Both the pressure and temperature 





itions are controllable throughout their 
Freon-12 is used as the refrigerant. 
Refrigeration effect, or heat acceptance from 
the chamber, is_ by forced convection 
through coils designed for low-temperature 
work. Each coil will accept a minimum of 
B.t.u. per degree at —75°F. and 3” mer- 
ry pressure. Humidity control is from 25% 
to 95¢ relative at all temperatures above 
10°F., or at a fixed bottom temperature of 
triking the photocell. Circuit comprising 
photocell and indicating instrument is de- 
igned to give linear response. Photocell is 
1 to have unlimited life. Indicating in- 
trument is provided with anti-parallax 
knife-edge pointer and mirror. Dial carries ° 
scale indicating transmission in percent “quipmen 
ind a density scale which, in most instances, Ja sigs 
gives readings directly proportional to con- “ Babi 
entration. Choice of filter depends upon : 
lor of solution under test. Instrument has 
imple sensitivity for use of highly selec- 
tive color filters isolating narrow spectral 
bands. Filters can be interchanged. A con- 
stant voltage transformer provides constant 
light output of lamp even if line voltage 
fluctuates. Photovolt Corp., 95 Madison 
ive., New York City. 


Cate ce ae me i. 


Latching Relay 
New “BJU Aircraft Relay” is said to be 
inique in many respects, among which is . 55 to 800 - 
that it locks mechanically in either posi- . 
tion so that only momentary current needs 











be applied to the coils. Other features 
le double-throw maximum rating 5 amps. 
contact (non-inductive), available for 
or d.c., weight 7 ounces, size 14%” > 
Relays are said to meet every 
my, Navy or CAA specification. {llied 


Mrol Co, 227 Fulton St., New York City. “J AGABI" COMPRESSION CARBON RHEOSTATS 
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CHEMICALLY RESISTANT 
TUBING AND FITTINGS 


sy HODGMAN 


*Pat. No. 2160931 





Send for complete data 
sheet and free sample. 


RUBBER CO. 


NEW YORK... 


CHICAGO .. . 412 South Wells St. | comme ate 
SAN FRANCISCO ... 121 Second St. “ a 






OF RUBBER, COPPER AND 


TEAD OTHER STRATEGIC MATERIALS 






HODGMAN 


FRAMINGHAM, MASS. = || “eq 


261 Fifth Avenue Pate ly 








Non-Crystalizing fuse Elements 







(: 





“LITTELFUSE 
~~ Lutcher 
Juanll ott Wucuit” 


fuses, crystal- 


cracking are le -Ble ra 
a common cause of fuse , 
failure, due to repeated 4 


expansion and contraction 
of fuse element. 
LITTELFUSE Non-Crys- 
tallizing Fuse Elements, 
efficiently meet this condi- 
tion with as much as six 
times the service life of 
others. 


INSTRUMENT 
LITTELFUSES 


and Mountings for 
Every Requirement BA 


For delicate instruments 
and other equipment, mi- 
croammeters, milliamme- 
ters, wattmeters, voltme- 
ters, galvanometers, radio, 
production test equipment, 


In ordinary 
lization and 


Standard @ » 
JO 


TING 
0 BANE 





signal meters, thermocou- _ Sizes {/100 to 8 amps 
ples, battery sets, etc., 250 volts. 
1/200 amp. up. Hi-volc Underwriters Approved 
1000, 5000, and 10,000 


ranges, 1/16 amp., up. All types of Littelfuses 
for aircraft, radio, auto, etc., and mountings 
Send for complete catalog. 


LITTELFUSE INC. 


4759 Ravenswood Ave., Chicago 





AMTHOR Dead Weight 
Pressure Gauge TESTER 


Type 452 





Modern design and construction puts 


this rugged precision instrument in 
a grade above the ordinary dead- 
weight testers. 

Made in eight ranges, to 3000 Ibs. 


maximum. 

We guarantee 1/10 of 1 percent ac- 
curacy in each range. 

The Type 452 is designed for sim- 
plicity and compactness. It incorpo- 
rates the newest refinements and 
improvements. Adapters and tools 
are supplied, as well as either car- 
rying case or protecting cover. 


Immediate and intelligent at- 
tention will be given to your 
inquiries on all industrial 
speed measurement problems. 
Drop us a line today. 


Amthor Testing Instrument Co., Inc. 
49a Van Sinderen Ave. Brooklyn, N. Y. 
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Crest Voltmeter for Igniti: 
and Corona Voltages 





New electroni crest voltmeter 
signed to measure ignition voltage 
ternal combustion engines: surge 
1used by corona and surface disc} 
the insulation on such electric eq 


as motors, generators, and cables 
other repeated-impulse voltages up to 
000 volts. Instrument weighs only 23 lt 





is said to fill the need for a portabk 
voltmeter for both laboratory and prod 
tion testing. Suitable for field measure: 
such as trouble-shooting and determinatior 
of actual operating conditions, it can 

be used for testing aircraft 
flight. It can be used in areas 
electric is available, since it | 


engines 
where 
power 


self-contained battery power sunrply. It 

be moved readily to any location for test 
ing purposes—a valuable feature when tl 
equipment to be tested is too large t 


be moved conveniently. The voltmeter 
equipped with an aircraft-instrument n 


ment to provide resistance to vibration. It 
can be supplied marked and calibrated 
any of the following scale ranges: 0-1( 


volts; volts Ger 
Schnectady, N. Y 


volts 0-20,000 0-30,000 


eral Electric Co., 


External-grid-control Indus- 
trial Electron Tubes 


“CETRON CR-5”" and “CETRO? 
CR-10" industrial electron tubes are of t 
external grid control type. Makers recon 
mend that a %” wide band of metal mes! 
be used for the grid (as in illustrations 
although a %4” metal ribbon or even 
couple of turns of No. 14 wire can serve 


New 
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stances. These new tubes are rec 
principally for on-and-off opera- 
it in certain cases they may be 
phase shift circuits to give gradual 
f current. Objection to latter meth- 
t as temperature of tube increases, 
haracteristics of tube tend to drift 
se current through tube to change. 
ntrol change is fairly rapid, how- 
s effect becomes negligible. Wide 
itions, too, May cause current to 
it this effect will not be present 
f-on control is employed. Makers 
nd that these tubes be used with 
hift rather than amplitude control. 
potential is 180° out of phase with 
potential, any voltage exceeding about 
ts r.m.s. will suffice to give off-and-on 
nm of the tube with 110-volt plate 
yperation will be secured at a poten- 
f 50 or 60 volts on the grid. Grid 
required is extremely small since 
is no physical connection with the 
yn stream of the tube. In fact, these 
ire operable directly with photocells, 
the conventional phase shift circuit 
isting of a photocell anil small capaci- 
in series. Continental Electric Co., 
va, Ill. 


Electronic Timers 


New “Model 900" and ‘Model 910” Pho- 
It Electronic Timers close or open cir- 

for preset intervals; but any number 
the “900” can be combined by plug con- 
tions (photograph shows two thus con- 
ted) without requiring any additional 
ys or control units, so that an infinite 








variety of schedules is made possible. Each 

timer can take care of several switching 

perations. Operating principle of both 

dels is capacitor charge and discharge 

through adjustable resistors, permitting a 

logarithmic time scale with equal degree of 
lo 


totrr me 
atl 88a; 


ty 





0 
» 
0.0 


sec 


recision at all points (see cut). Some other 
features: (1) Immediate automatic reset- 
ing.—After completing timing period, it 
loes not take more than 1/60 sec. for timer 
» be ready for next operation. (2) Pow- 
red and unpowered load.—Timer is _ pro- 
ided with a load outlet carrying 110 volts 
nd with terminals for opening or closing 
n external circuit. Powered and unpowered 
ids can be switched simultaneously. (3) 
\djustable for “normally open” and “nor- 
illy closed.” — By changing connections 
hich are easily accessible, both loads can 
made to “make” or to “break” during 
e timing period. (4) Push button and re- 
te control.—Timer can be actuated either 
the push button which is provided on 
panel or by an external switch such as 
foot pedal or a machine-operated switch 
be connected to the remote control socket 
' the timer.—Photovolt Corp., 95 Madison 
ve., New York City. 








Over 40 Standard and Many Special Designs. 
... Resistance Range: 0.001 ohm to 10 meg- 
ohms. . . . Accuracy: Tolerances as close as 
0.05%. . . . Supplied on ceramic, metal or 
synthetic forms. ... Inductive or Non-Inductive 
windings. . . . Wound with the alloy you spe- 
cify. .. . With any insulation commercially 
available. . . . A variety of terminals and 
mounting facilities. ... Ilmpregnated against 
moisture and high humidity. . . . Address 
Dept. No. 16 
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Acropoinr 


TRADE MARK 


PERMANENT 
PIVOTS 


Reduce maintenance repair of 
moving parts in instrument 
mechanisms. 


AEROPOINT is the most out- 
standing improvement in 
years! 

Instruments will remain more 
accurate longer—withstand 
greater shock and vibration 
abuse. 


AEROPOINT PERMIUM ALLOY 
non-blunting, wear resistant 
pivots are smooth, dense, 
tough—anti friction, are un- 
affected by corrosive salt air. 
They minimize instrument 
field servicing. Insist on 


AEROPOINTS FOR BETTER 
INSTRUMENTS 





THE PARALOY Co. 


HAA 410k 22 


CHICAGO, ILL. 


i Q6tLifk Lit 10 « 
600 S. MICHIGAN AVE. + 
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CONSTANT VOLTAGE 


is the answer to the precision demands of 


SCIENCE and INDUSTRY for DEFENSE 





zr Ota ELECTRIC COMPANY 


viet TRANSFORMING 0 


2525 CLYBOURN AVE., 





CONSTANT OUTPUT 
VOLTAGE 


| 
FLUCTUATING LINE 
VOLTAGE 


Every electrically operated INSTRUMENT 
employed in the production of materials of 
war needs CONSTANT VOLTAGE protec- 
tion against line surges and fluctuating volt- 
age levels caused by overloaded power lines. 
Sola CONSTANT VOLTAGE TRANS- 
FORMERS will deliver a perfectly stabilized 
output voltage, even though line voltages 
vary as much as 30%. No moving parts. In- 
stantaneous in action. idiomas against 
overload or short circuit. 


1sk for Bulletin GCV-74 





CHICAGO, ILL. 





REMINGTON ARMS CO. 


CHRONOSCOPE 





Accurate Within 1% 
Between 
1 & 200 Milliseconds 


Inquiries Invited 


Dynamometers, wattmeters, milliam- 
meters and voltmeters. Also ultra- 
sensitive meters both for A.C. & 
D.C., fluxmeters, electrostatic volt- 
meters from full scale 120 volts to 


over 20,000 volts, thermocouples, 
earth current meters, cable testers, 
etc. 


Special Apparatus Built to Order 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 Potter St. Cambridge, Mass. 
Branch: 15 East 26th St., New York City 


Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, fll. 














Plastic Gage Handles 





Development of new plastic gage 
was prompted b shortage in critic 
ils. These new Federal Taperk 
Handles said to be accurately 

- 

C * Ce, 






“ab 


the standard dimensions accepted 

yut the industry. Plastic being muc} 
than metal, this permits a lighter 
ind reduces possibility of fatigue fro, 
mtinued use. New handles are 

with the same lettering stamps us 
marking metal handles. They are ay 
in any quantities.—Federal Tool Co) 


N. Leavitt St Til. 


, Chicago, 


Attenuator-calibrator fo; 


C-r. Oscillograph 


New “Type CA211” capacity-correct 
tenuator-calibrator for ignition and 
voltage wave-shape or peak voltage w} 
minations consists of two instruments t 
single case. Attenuator allows the appl on! 
tion of ignition high voltage to a cat} . 
pr 
lt 
gy 
let 
Sch 
. 
SIE 
Rai 
ill 
su 
It 





ray oscillograph for voltage indication and 
for viewing wave-shape. Calibrator allows 
adjustment of the atfenuator-oscillograp! 


combination so that the oscillograph screer 





may be read directly in kilovolts per incl 
ff defiection. The attenuator includes a net 
work of capacitance-corrected resistance: 


an exclusive desi 
satisfactory 


arranged in 
thoroughly 


said to be 
that provides 


tenuation over the frequency range of 0 t 
50,000 eyeles per second. The calibt 
components allow accurate voltage calibi 
tion so that when used with a matcl 
scillograph, voltage deflection sensitivit 
or 2; 23, 3.5; and 10 kilovolts per ir 
are available by the turn of a _ knob 
Rowe Radio Research Lab. Co.. 4201 I 
ing Park Blvd., Chicago, Ill. 


Oil and Insulation Testing Set 


35,000-volt oil and insulat 


Improved 


testing set can be converted for high-pot 
tial tests on a variety of materials 
products. It consists of a 2-kva, 35,000-v: 


transformer 

autotransforn 
opening cir 
oil-testing 


liquid-immersed _ testing 

air-cooled variable-voltage 
an air circuit breaker for 
ifter test is completed; an 
ceptacle 1 push-button station; and a d 
ble-range for accurate indicat 
of the breakdown voltage. 

these unit on 
three-wheel ball-bearing truck. Oil-testi 
receptacle contains the test gap and is 
mounted on the high-voltage terminals tl 
tilting the receptacle empties the tested < 
into a drain pan. The oil-testing recepta 
is easily removed to convert the set f 


voltmeter 
insulation 


parts are mounted as a 
























high-potential tests on such ma- 
1 equipment as sheet insulation, 
ill transformers, rubber gloves, 
tors and generators, circuit break- 
iterials, bushings and insulators. 
ontrol is assured through push- 
ch must be held down throughout 
Red signal lamp warns operator 





when transformer is energized. Variable- 
yoltage autotransformer provides for easy 
control of the output voltage and its handle 
is equipped with a graduated dial for ap- 
proximate indication of test voltage if 
sample being tested breaks down before 
voltage is read. Testing set is provided with 
a 15-foot flexible cord and plug for con- 
nection to any 115-volt or 230-volt a-c out- 
let Transformer Div., General Electric Co., 
Schenectady, N. Y. 


Oscillograph Pre-amplifier 

New “Type PA114 Pre-Amplifier’ was de- 
signed especially for use with the Rowe 
Radio “D5RR9” and DuMont “175-A”’ Os- 
cillographs (described elsewhere in this is- 
sue) but it can readily be employed in 
front of any other oscillograph or amplifier. 
It provides additional amplification so that 





when used with the “D5RR9” Oscillograph 
the total amplification is as great as can 
be practicably employed. The frequency re- 
ponse of the amplifier is flat from less 
than one cycle per second to well over 50,- 
c.p.s. Whenever high gains are em- 
ployed such that small voltages produce 
full-scale patterns on an oscillograph, it is 
ential that constant voltage power be 
pplied, especially to the early stages of 
plification. Accordingly, each Pre-Ampli- 
includes a constant voltage power sup- 
which provides a constant d-c. potential, 
respective of either sudden or gradual 
inges of a-c. line voltage input. Maker 
commends “Type AP2XB” angular sweep 
en oscillograph and _ pre-amplifier are 
ed for engine studies—Rowe Radio Re- 
wrch Lab. Co., 4201 Irving Park Blwd., 
icago, Ill. 





JET PIPE PRINCIPLE 


Outstanding 


IN THE FIELD OF 


Clutomatic Control 


e Today with every essential industry operating under 


tension heretofore unapproached, the matter of control 


becomes a more vital factor than ever before. 


New demands upon sensitivity, accuracy and dependabil- 
ity manifest themselves daily, emphasized by the urgency 


of achieving the most important goal in the world’s history. 


From the simple problems of automatic control of steam 
production to the most complex problems of a war time 
industry Askania’s Regulators and Control Systems are 


establishing a new tempo in automatic control progress. 


Detailed data bulletins covering applications and results 
of the Askania Automatic Control System are available 
upon request... For specific engineering service please 
outiine your problem to... Askania Regulator Co., 


1605 South Michigan Avenue, Chicago, U.S. A. 


AS HANIA 


a tet We], Miotemmmes. iier (cle) 
MUTOMATIC CONTROL 











MEGOHMER 


Pale RELIABLE + ACCURATE + QUALITY 


Our modern insulation testers make insulation test- 
ing easy . .. Entirely self-contained. Steady test 
potential of 500 volts DC, available at the touch 
of a switch. Direct reading in insulation resistance. 


VARIOUS NEW MODELS AND RANGES 
— WRITE FOR BULLETINS 


HERMAN H. STICHT CO., INC. 


27 PARK PLACE NEW YORK, N.Y. 
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( ) Industrial Switchboarx 
Watthour Meters 


A new and complete line of swit 
watthour meters is announced, Thess 
CB” meters are available with rear 
tion stud terminals for use with inst 
transformers or self-contained up 
amperes; for either projection or ser 
mounting. Meters up to 15 amperes 











O longer is it nec- 
essary to buy a tank 
level gauge that’s way too big for your job. A 
Trimount Gauge can be selected that is within a 
maximum of five inches over your requirements. 
You save money and help conserve metal. 


Trimount Gauges are available with scales calibra‘ed 
in inches, gallons, pounds or whatever increments 
desired. The measuring liquid balances the liquid 
being measured, with air as a medium in the con- 
necting pipes. 





These instruments feature accuracy and 
rugged design. Nothing to get out of 
order. Heavy plate glass protection cover. 








semi-flush mounting, except “CB-32 











Ask for free Catalog describing Trimount P ‘CB-38" which can be changed to | 
° : type by replacing the screws or stud 
Tank Level Gauges, Manometers, Incli- : minals with blade terminals, All meter 
nometers, Draft Gauges, Indicating Flow 7 complete with rectangular cases to n 
Meters, etc. Write today. : maker’s standard rectangular relay ¢ 
. 7 The plug-in features, said to provide 
: convenie nee in switchboard meters, are } 
’ vided with automatic circuit closing de 
TRIMOUNT INSTRUMENT co. : which operate when the meter is ren 
i ; from the board. This eliminates service 
37 W. Van Buren St. Chicago, Hl. terruptions during inspection and maint 
nance. This same device serves also to sl 


circuit current transformer secondari« 
lustration shows a two-element “Type Cl 
switchboard watthour meter for semi-fi 


RUBICON PORTABLE pong se gala 
PRECISI TENTIOMETER “5 
Jones Tachometers OF POTENTIO D-c. Cable-fault Reduction 


Continuous Indicating 





and Localization Set 
\ complete line of metal-enclosed 
Cable-fault Reduction and Localization S 
is announced. This equipment, for ust 
utilities in reducing and locating faults 


Centrifugal Type 


Portable and Stationary anerencebhhe evebauan eniiites: da: ik 
rect method. While this method nec 
tates traversing the cable and obser, 
indications at manholes, it is positive 
for average faults, it is said to require 
time than other popular methods of 
location. Complete set consists of a TI 
ron rectifier, control, motor-driven int 


Indicating Speed and Total Run 


Flexible Shaft, Belt, or Electric 


Drives for Remote Indicating. 


Types Available for Every Industry 





Locomotives, Steam, Gas Available in a number of double-range 
1 1 5 | 
, : . combinations, such as 1 volt and .1 volt, 
and Electric. Baking Time for Ovens, s 2 eee and . 
100 MV and 10 MV, also in pH ranges 
Dryers, Etc. Guaranteed accuracy .1%. An outstand 


ing value 

Described in Bulletin 270 which alsc 
describes Rubicon High Precision Type B 
Lahoratory Potentiometer 
Automotive, General Machinery We also make galvanometers, electrome- 
ters. colorimeters, permeameters. Wheat 
stone and Kelvin’ Bridges. Resistance 
Submit Your Problems to Us standards. coil testers, acronographs, clip- 
on transformer ammeters. 


Centrifuges, Textile Machinery 


Marine, Fire Apparatus 


JONES - Descriptive bulletins available on request 
MOTROLA SALES CO. RUBICON COMPANY 


Electrical Instrument Makers 


438 Fairfield Ave., Stamf ' , ; : 
ed o. Mantene, Goan Ridge Ave. at 35th St., Philadelphia, Pa 
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ind current-limiting 
enclosed in a metal housing, and a 

field set for taking readings along 
le. The set first reduces the resist- 

the fault to a satisfactory value 
n transmits a tracer current which 
easily recognized by traversing the 
th the portable field set. This equip- 
can be used up to its maximum- 
voltage for d-c. high-potential 

systems and other apparatus. It 
lable in eight different ratings up to 
volts and up to 20 amperes.—Gen- 
} Schenectady, N. Y. 


reactor, com- 


tests 


tectrt Co., 


som-size “Strato-Chamber” 
Personnel, Large Parts, etc. 


new “Strato-Chamber,” for physiologi- 
nd product research and testing, a 
chamber approx. 18 ft. long is entered 
gh a “lock” approx. 4 ft. long. Inside 
chamber, an insulated high-altitude 
ber is constructed with space on one 
for refrigerant coils and a_ plenum 
between high-altitude chamber and 
chamber for circulation of air (see 
sectional view). By means of dampers, 

chamber can be completely isolated 
flow of air from the refrigerated space. 


ration is supplied by a _ two-stage 
12 system operating at 85°F. suction 
rature: evaporator coils are fed from 


Freon-12 liquid circulating pump, which 





efficient coil operation 


es continually 


ut danger of liquid slugs to compres- 
Operation (1) Altitude test nhamber 
losed f I refrigerated space nd 
ref iting equipment operated long 
igh to lower temperature of coils, shell 
ilation, et fans are not in use and 
ws by gravity lown through coils ar 
und test chamber through circular space 
to coils. Coils and shell are cooled to 
nperature of 100°F. or lower (2) 
\fter this preliminary cooling period, test 
ber is |} ted t nor l t sphe1 
perature by means of fan heaters, and is 
ready for the test period. (3) After 
subjects have been put into the test 
be fans are started and the dampers 
itting cold air to test chamber 
\ sufficient reservoir of refrig 
s been built up, by lowering tl ter 
! f ls. frig nt @ ] + 
F. t luce the te ture withir 
tchamber to —70°F. in 12 minutes. (4) Cor 
Y 1u I nt 1 S 
in both test nt nd | 
port mor | sea- press 
S itosp} ( i ' Ss 2? 75 Ibs r 
it ) Tt is pr ec a int T iw 
S , } } amber 
X. 10 ft.3/min. This fres s necess 
nt r sir Xxvger SKS I 
s nt S nsj ind <Vger neentra- 
s hig} \ 1 pumping juify nt is 
t nd sealed to handl i hig 
Ler T nt T wit t nger x 
t low s used 
? gs l ra es ft 
OT wit} it Q y 
ns v 1 } Ie Ve 
} Pe 


WHAT do you need 
in a PYROMETER 


SENSITIVITY 
DURABILITY 


RESISTANCE 
















metry 


Write for 
Catalog 


PORTABLE 
MODEL P-1 


90 CHESTNUT ST. 





SIMPLICITY 


Engelhard Direct Deflection Indicators have all these features 
tivity to the most minute voltage variations due to suspension type construction 
High resistance per millivolt and no appreciable error when used with thermocouples 
of different resistances and on connecting leads of consid- 
erable length . . 
severe conditions without danger 
readings may be made directly in either millivolts or tem- 
peratures by someone unfamiliar with the principles of pyro- 
On kilns or furnace 
readings’ are desirable—the Engelhard Rotary Switch permits 
separate readings from many points. 


. Sturdy construction, adapted to use under 





CHARLES ENGELHARD, 








Accurate sensi- 


. . « So simple that instant 


installations, where ‘‘spot 


INCORPORATED 
NEWARK, NEW JERSEY 














HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 35 years. 


‘ ) 
> 
P 
ii 


{ 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 





tively inexpensive. 


Illustrated 
bulletins 
free. 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 








GARCEAU VELOGRAPH 


Quintuplet Model 


(Inkless writing on electrically 


sensitive paper) 


Desigr s c 
1alvs $$ g ar 
c seismog \ gr 
we g ctr ‘ 
4 Powe € 
I s rec 4 g scillog “ 
ar s mn a he pres ‘ 
t n. Pa laf 
r NX g 


ELECTRO-MEDICAL 
LABORATORY, INC. 


HOLLISTON, MASSACHUSETTS, U.S.A 


Make if the Garceau Junior I t ncepha yy 

















many of America’s foremost manuf 


Send for circular on our new low 


CONTINENTAL 





TRU-VAC 
VACUUM GAUGES 


(PIRANI TYPE) 


Shown at left is meter box of our 
model No. 6 gauge. 


This gauge successfully used by 
acturers. 


priced D.C. operated gauge. 


ELECTRIC CO. 








is a modified 
struments, Dec 19 
‘ations do not aff 
any way but pern 
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plications, 


Nine-inch 
Radio 
particu 
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Ty 
o9, pag 
‘ect its 
it its 1 
Adaptor 





pe 175-A | 
e 316). Its 
characteri 
ise with the 
and other 


ipparatus. For n 


larly ir 





1 connecitor 
































GENEVA, ILLINOIS 
relay. The unit may be mounted in any 
D-c. Motor-operated Valves position. Maximum pressures of 1%” size 
New direct current motor-operated valves are 100 or 150 Ibs./in.2; of largest (2”) 
~~. avatiahla in % ay stean trom 1" i“ 9” size, 70 or 150 Ibs./in.2.—Barber-Colman fuel study work and engine developn 
They have been ain Co., Rockford, Ill. projects, the units will be supplied wit 
signed for two-posi- ae 5” blue tube and 9” green tube. The s} 
” ” Ra > Rn aeeie : 
tion (on-off) control ba ao persistence or “fast’’ blue tube in the 
of steam. w Pe or General purpose 5 9 size is best suited for photographic worth 
* r etexs : ; - The 9” tube with medium persistence gr: 
gas, The majority of : s . 
types etme ne thes Oscillograph screen is better suited for visual studies 
be used for oil or New “Type D5RR9"’ Combination Five- This combination oscillograph is_ rec 
brine. The valves are inch Nine-inch Oscillograph is a general- mended for use with maker’s pre-amplifier 
suitable for use on PUrpose unit employing all of the features (described elsewhere in this issue) and 
heating and cooling of the DuMont “Type 175-A” Oscillograph, angular sweep (see Instruments, Dec. 1941 
coils, bottle washers but also permits the use of either a 5” page 388).—-Rowe Radio Research Lal 
plating tanks, bu- 2” cathode-ray tube. The oscillograph proper Co., 4201 Irving Park Blvd., Chicago, Ill 
midifiers, hot water 
storage tanks, boiler 
feed water control — . 
ete. They are oper- Ny DEW POINT TESTER For Working Pressures 
ited by heavy - duty { ==) ; 
ryp IYBA” opera- Ls J up to 2500 P.S.I. ... For 
e JT ASES ; 
el for eer and For HIGH PRESSURE GAS Dew-Point Temperatures 
industrial applica- : ° an 
tion. Powered by a Bureau of Mines Type as low as minus 90°F.... 
ball gmnie J phot Observation made on a 
series und direct- 
——kz====ed +o: . 
nt motor, All sensitive stainless _ steel 
parts are cor- * . + : 
n proof. Gear r¢ Simple to operate and mirror. Fully  de- 
“ened soto st accurate in results. scribed in catalog 26A. 
Dbbed, heat treated 
Beryllium copper limit switches. Fine 
lver contact Timing characteristic of op- 
= desc yori hong mee THE REFINERY SUPPLY COMPANY 
teagypesne 7 a hii me, 2ib-VOR oF ¢ vie Manufacturers, Jobbers, and Importers 
' — a ae : be aie SCIENTIFIC LABORATORY AND POWER PLANT EQUIPMENT 
7 aie ite i = “3 ne —Main Office and Plant— —Branch Office— 
“" alah > 621 E. 4th Street, Tulsa, Oklahoma 1309 Capital Avenue, Houston, Texas 
sta l witch, float sw 
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You 


INDUSTRIAL, 





ACROSS THE HORIZ 





cannot afford to take a chance today. Select your next purchase care- 
fully and remember Palmer Thermometers are helping to bring Victory closer. 


(Catalog No. 300-D sent promptly) 


THE PALMER CO. umris. 


LABORATORY, 


2511 Norwood Ave., Cincinnati, Norwood, Ohio 
Canadian Plant: King & George Sts., Toronto 
DIAL & RECORDING THERMOMETERS 


For ultimate Victory, the THER- 
MOMETER will play an import- 
ant part. 


No purchase today can be over- 
looked for each thermometer 
that gives you smooth running 
production is a big asset in any 
plant. Delays for breakage are 
costly. 





PALMER Thermometers: 


column elimi- 





* — Easy-Reading 
nates errors; 


* — Sturdily built for long life; 


* — Guaranteed for permanent accu- 
racy. 
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Mass Training of Instrument Mechanics 


(Continued from page 428) 


f providing the necessary equipment and space for under cover ae 


nduct of the enlarged school, the task of selecting 
aining a staff of 42 instructors has been even greater. 
Chicago School of Aircraft Instruments was fortu- 

n having a group of civilian graduates and another Darkness 

of civilians in training who were unusually compet- eee 
From these groups have come most of the present 
ictors in both the Army Air Force School and the 
in School. These men have been put through intensive 
ng programs at the Chicago School of Aircraft In 


liv’ 





vents, and as many as possible have been sent out fo? 
al training by the manufacturers of aircraft instru- 
ts. Only because these young men were vitally eage1 


) the job and do it right, and because they were willing 


ul 


re 





Fig. 5. To equip its expanded Instrument school, engineers 
he Chicago School of Aircraft Instruments had to design and 
make many pieces of special equipment such as these mock-ups « 
Douglas DC-3 instrument panels, on which students learn 
strument installation, wiring and plumbing 





acd , : 
spend all of their waking hours learning to be instruc 
tors, has it been possible to have the sta that is 1 


nts, eac! Aided by dials and instruments containing LUMI-TONE 


student class 1s made up of fifteen men, an 


$o03 7 L ] — 
nstructor for each class at all times 


In the Civilian School, the student begins his training 
spending four weeks in the School’s primary shop, learning 


to operate bench lathes and jeweler’s lathes, t ise hand 
is and test equipment, and developing the skills and tech- 


More and more planes and tanks are accurate guided 
successful missions. 


To any manufacturer, confronted with the problem of apply 
ing luminescent materials, we offer our highly skilled, technical 
facilities. We can supply completely finished dials working from 
blueprints, or apply approved luminescent materials on your 
own instruments. We'll be glad to hear from vou concerning 


any problem in which luminescent materials may be specified 


lemark Re ered Pat. Off 


GENERAL 
oo LUMINESCENT CORP. 


Panels shown a Fig 5 w <7 ag a ae f three, students 
completely remove all instruments and ‘connecting lines and 638 S. Federal Street CHICAGO, .ILL. 
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ANY MAKE WILL DO! 


If your problem is * = 
Weight, or © Size, or © 
Precise adjustments, or 
* Tougher than ordinary 
electrical characteris- 
tics, or ® Mechanical 


requirements, or © Sub- 


mersion type compo- 
De th 


eae 
CHECKING AUDIO FILTERS AT 


utc 





nents, etc.... 


UTC is THE LOGICAL SOURCE 


MAY WE ASSIST YOU? A note to our Engineering Division 
will bring a quick response with details on units to your 
requirements. 


UNTTED 


S5O*¥ARICK STREET 
ERPORT DIVISTON 10 C 
















PRECISION 
OPTICAL MACHINERY 


% 





8-SPINDLE SHORT RADIUS 
AUTOMATIC POLISHING MACHINES 


1, 2, & 4 SPINDLE 


AUTOMATIC POLISHING MACHINES 
Capacity up to 16” Laps. 


OPTICAL GRINDING MACHINES 


CONTRACTORS for FINE-GRINDING 
CERAMIC PARTS 


BAILY VIBRATOR CO. 


1539 WOOD STREET PHILADELPHIA, PA. 






















cannot satisfactorily do the required work in the p1 
shop are not permitted to go on into instrument tra 

From the primary shop, the student goes into t = 
weeks Of intensive training on general instruments 





mechayical and pressure type, and then into six wee] I 
electrical instruments, and six weeks on gyroscopic ii 
mentg. 

Students in the Army Air Forces School are given X 
is fundamentally the same type of training except 1" 


they are made into specialists. One group specializ 
som Seong instruments, another on electrical instrum: 
anji the third on gyroscopic instruments. 

Today, the Chicago School of Aircraft Instrument 
pyobably the largest such school in the world. On Janu 
yo, it occupied one small room on the third floor of 


— ™ 
& “ESeteaa 
(| £94 S2A488 
f N 


Ve > oie eb 


ye 
- 


° 
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Fig. 7. Essential to the understanding and repair of Automatic S} 
Pilots are ‘‘Scorsby’’ test units. Because no such units could be 
purchased, engineers at C.S.A.I. had to make their own from 
the ground up, with the co-operation of the Sperry Gyroscope 
Company. This particular unit is used in the Civilian School 
Similar units were made for the Air Forces School. 


American Airlines Hangar on Chicago’s Municipal Airport 
Today it has the use-of more than 60,000 square feet 
floor space formerly occupied by its parent organization 
the Industrial Training Institute. On the campus of thé 
Chicago School of Aircraft Instruments today, are tw: 
Army barracks, a cafeteria, the students’ clubroom, and 
many other facilities. All of this, of course, has been mad 
possible because the Chicago School of Aircraft Instru 
ments happened to be a subsidiary of one of the largest it 
dustrial training schools in the country, ana could drav 
upon all of the resources of the parent school as well as it 
twenty-five years of educational background and its expe 
rience of training almost 400,000 men for other industria 
fields. 

Between the Civilian School and the Army Air Forces 
School, the Chicago School of Aircraft Instruments is today 
graduating more than a hundred men a month—every on 
of them completely trained and ready to take his place i 
making or maintaining the instruments needed in our mil 
tary and civilian aircraft. 
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SHOP HINTS 





| ‘spring Straightening Simplified 
By ELSWORTH KEITH, Jr. 


ST apprentice instrument repairmen experience 


—— 


reat difficulty in the repair of bent or damaged hair- 
; A great deal of this trouble is often due to the 
ty in locating the damaged portion of the spring. 
roblem may be greatly simplified by placing the 





Straightening a hairspring on a piece of frosted glass. Note the 
ibsence of confusing shadows even in the photograph 


spring on an object which will eliminate any shadows 
vhich might be cast by the hairspring when it is placed 
under the working light. 

A piece of ground or frosted glass about 3” 3 
a piece of white paper under the light will provide this 
shadowless background. Any piece of glass may be ground 
by rubbing it on a lapping plate with a medium cut lapping 
compound. 

This method of working on a hairspring will often obviate 
the need of using a loupe; and will always reduce eyestrain. 


placed on 


Pivot irin 
ivot Repairing 
By ELSWORTH KEITH, Jr. 
i rod when so many of the small and intricate parts 
in the modern aircraft instrument are unobtainable 
from the manufacturer because of continually increasing 
emands on production facilities, it becomes extremely im- 
rtant that the instrument technician be able to repair as 
any of these parts as possible. 
The overhaul of many instruments is delayed overlong 
cause of broken handstaffs, pivots, and the like. The 
eatest difficulty experienced in the average shop, insofar 
such repair is concerned, is the drilling of the extremely 
d materials of which the parts are made. Such drilling 
f course, for the purpose of providing a hole into which 
be pressed the new pivot or handstaff. This repait 
uld make the part wholly useful again. 
The difficulty of this drilling job can be greatly reduced 
proper annealing of the broken part. This may be done 
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THE ARMY. THE NAVY THE AIR CORPS 





WARD LEONARD is in a unique position. Prac- 
tically all of the electric controls they made for 
peace-time service meet urgent needs for war-time 
production. Manufacturers of equipment for the 
Army, Navy, and Air Corps will probably find 
their exact requirements for electric controls in the 
Ward Leonard Line. Special Controls and Control 
Assemblies are also available to meet special re- 
quirements. Send for complete data bulletin. 


~ WARD LEONARD 


RELAYS + RESISTORS - RHEOSTATS 


Electric control (wy) devices since 1892 





WARD LEONARD ELECTRIC CO., 38 SOUTH STREET, MOUNT VERNON, N. Y 


























pacitor 1S conservative 
50,000 volts D.¢ working 


xr intermittent service 


Special facilities account f t 
large-scale production of these 
huge capacitors. G'ant winding 


machines handling up to several 
dozen papers’; a battery of 
huge tanks permitting long 
pumping cycles for thorough 
vacuum treatment and oil im- 
pregnation — these and 

insure a superior product 


others 


Ww rite e*e @e 


Whether your needs call for a 
tiny electrolytic or a giant oil 
filled 


engineering collaboration. Liter 


capacitor, write us for 


ifture On request 


EXPORT: 100 Varick St., N. Y., Cable ‘ARLAB’ 
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NEW YORK TRANSFORMER CO. 


26 WAVERLY PLACE, NEW YORK, N. Y. 





demanding 
HIGHEST 
QUALITY! 








Welch Duo-Seal High Vacuum Pumps 


In Stock For 
Immediate Shipment 


Guaranteed Vacuum .05 Micron (.0005 mm) 
Free Air Capacity 21,33.4, and 58 liters per min. 


EXCEPTIONALLY QUIET IN OPERATION 
Write for our Free Booklet 


Giving Performance Curves, Vacuum Techniques, 
Applications, and Prices. 


W. M. WELCH SCIENTIFIC COMPANY 


1515 Sedgwick Street 






Chicago, Ill., U.S.A. 
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MENTS 


by placing the part in the middle of a short 4” pipe 
which is then filled with fine iron filings and capped a +] 
ends. The whole unit is then heated to a bright cher 


with a blowtorch or suitable substitute, and then bu "i 


a can of lime. (This keeps the pipe from cooling too a) 
idly.) Any steel part which has been treated in this 
ner may be easily drilled with the ordinary pivot d 
small twist drill. 

The replacement pivot or handstaff should be mad 
a press fit in the drilled hole. After the finished pa 
been assembled, the entire unit may be re-hardened 
peating the heating process in the pipe nipple, ar 
quenching the entire unit in cool oil. 

Any part treated in this manner will retain its oy 
polished finish, and will be a most satisfactory tem; 
repair, often lasting as long in service as a new part 


Thermometric Lag Determination 
(Continued from page 402) 
perature difference to one-half its initial value be 
1.84 X 95 175 see. 

By this type of analysis the lag characteristics of diff 
ent elements under different operating conditions can hy 
readily compared. Whether the time for ¢=0.5 or som 
other value is selected as the criterion is immaterial p) 
vided the comparisons are made for the same value of 


Determination of Time for @ 0.5 
R 5 mm, 4 0.5 (Fig. 4) 
EXPERIMENTAL DETERMINATION 
Medium Time for ¢ 0.5 h Ah 
Still water 95 sec. 980 
Still air 550 sec dp ls 6 
Ratio 550/95 5.8 


FROM CURVES OF FIG, 
Ratio of T 


k he water 190 Ne air 6.75 Air/W 
0.1 680 sec 2800 sec { 
0.2 880 2250 } 
0.3 250 2200 

Conductivity U.2 


TIME for ¢ 0.5 in Air at 10 m./s. 
h for Air at 10 m./s. 90 (See Table IT) 


h 0.5 * 90 45 

Time corresponding to h {5 (From Fig. 3) 700 see. 
Time ratio 700/380 1.84 

Time for d 0.5 in air at 10 m./s. 1.84 95 175 sec 
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Fluorescent-fixture Design Aided by Unique 


Photometer 
N use at the Westinghouse Lighting Division laborato 
in Cleveland is the first photometer for fixtures us 
fluorescent lamps. It can measure light output and dist 
bution of units as large as 10 feet in diameter. It cons 
of a heavy rotating base which supports an adjustable a 
The luminaire is securely attached to this arm and ca! 
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‘Improved “ALNOR” PYROCON 


in ‘surface temperatures 





features 


1. ENLARGED ASSORTMENT of 
thermocouples all instantly inter- 
changeable without change in 
instrument calibration. 


N 


. Choice of rigid or flexible arms 
INSTANTLY INTERCHANGE- 
ABLE. 


. Choice of seven 
perature ranges. 


standard tem- 






i. Unusually heavy and _ rugged 
movement essential in a porta- 
ble pyrometer. 


a 


. Greater accuracy. Construction 
of thermocouple assembly elim- 
inates junction errors. 





Figure 2 Figure 3 
Figure 2 shows the unique method of attaching rigid or flexible 

connecting arm. Figure 3 illustrates easy attaching of thermo- 

couples to arm yoke. 

For full details write for Folder 3511 


Minors ies ing I ae 








142 West Hubbard Street Chicago, Hlinois 





rotated to any position desired for reading. Measurements 
are made by means of a photocell mounted at the same 
height as the luminaire at a given distance away. The 
photocell output, directly proportionate to the amount of 
ight falling on the cell, is measured with the luminaire 
rotated to various angles about the cell. From these read- 








ngs the candlepower distribution and performance of the 
iminaire can be computed. Brightness tests are made with 
Macbeth illuminator. Efficiency of the luminaire is com- 
ited from candlepower values, using the proper zonal con- 
tants, 

Design engineers find the photometer apparatus useful 
iring the development of a lighting unit, as well as for 
aking commercial tests. 

















PRECISION METERS 


Where accuracy and depend- 
ability are required, depend 
upon DeJur Precision Meters. 
Designed for today’s urgent 
needs by a firm which, for 20 
years,has enjoyed recognition for 
precision electrical instruments. 











Immediate attention given to 

your order.Write, wire or phone 
for new Catalog 
1-61, Dept. D 
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ELLS what CO, is, why 

important, how meas- 
ured and how interpreted. 
Explains Orsat Principle 
and why preferred. 

Illustrates all models 
Hays Combustion Meters. 
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Baltimore M. V. Davis, Instrument Engineer, Atlan- . O. Fairchild (C. J. Tagliabue Mf; 
tic Steel Company, was elected Temporary Kauer and Fromm were designated 
Chairman and Ben Woodman, Engineer, rary chairman and secretary, respe 
Walter V. Gearhart Co., Temporary Secre and EE. Ek. Corbett of Tagliabue was 
tary. The following men, with Davis and temporary treasurer, The group tent 
Woodman, make up the Organization Com- named itself the New York Soci 
mittee: Don D. Beach, Ind. Sales Met Measurement and Control. 

Atlanta Gas Light Co Joseph H. Howey, Much assistance was given by Mr 
Head, Physics Dept., Georgia Tech: G \ Gilley, president of the Society for Me 
Rosselot, Director, Experiment Station ment and Control (New Jersey). H 
Georgia Tech: Philip F. Jones, Jr.. Fore- the minutes of the first meeting of 
man, Meter Dept., Georgia Power Co. . J. Society, and gave many valuabl 
C. Scott. Meterman, Georgia Power Co. gestions as to the type of work th 
J. Harvey Seat, Supt. of Construction, Pow- Society could do, Mr. Gilley was 
ers Regulator Co.; and Robert P. Saunders, vote of thanks. 

Instrument Engineer, Brown Instrument Co An 


Friday 


Executive Committee was apy 
to start the work of the organizatior 
plan the next few meetings. Thoss 


were H. P. Schmidt, Pratt Institut: Vv 


Chicago 


eting 


New Jersey 


: : O'Connor, Lummus Co.; Robert Farr 
t ti Een neer and Scien The officers of the Sox iety for Measure- Instruments: Alvin M. Stock, Part] 
Help Win This War. L, ment & Control (New Jersev) are as fol- Pp, 


G. Weiller, Kollsman Instrument ¢C 
of Indiana, has lows: President, Thomas G. Gilley, Western I. Cc. Banks, N. Y. School of Av 
of Mr. Brown's Electric Co. ° Vice-President, Harry K 

Moore, Standard Oil Deve lopme nt Co. Sec- 


itior 
struments; and Kauer, Fromm, and C 
ex officio. They were given the job 

technical invention and develonment retary, Richard F. Robey, Esso Laborator- ganizing constitution, 


program, membe 
i requires the efforts of the mass of ies; Treasurer, M. J. Seavy, American In- 


ind other committees. 

engineers and scientists in this country. Ar strument Co. : 

ng I : , ; It was decided that those present 
paid one dollar as part payment on tl 


lues would become charter members 


reanization is needed to collect and corre The following program chairmen have 
he ideas advanced. At present we have been ap ointed Membershin, Harry F 
ational Inventors Council,”” a board Moors Program, FE. Schweizer, Celanese 
engineers who must handle Corp Finance, M. J. Seavy: Constitution 
to three thousand ideas a dav: ! & By-Laws, C. FE. Thomas. Lithium Corp 
ch and Devel- Publicity, Robert H. Gray, Standard Oil De ; 
the confidential velopment Co. A few moments devoted to statisti 
rm\ 1 Nay _ . , ° vealed some interesting facts \bout 
\ ; 1 Nav The first meeting of the 1942-43 season . 2 
technical : ‘ bs , those present classed themselves a 
: was held Oct. 6, with 47 dining and about ‘ ‘ . 
local or = : : facturers, the rest falling into 
wid 15 more coming for the technical meeting 
rhese ‘so iddressed by John H. Miller of Weston on 20, .. am work About half of | 
iffiliate: th ’ : : gee " and airera ork. Abo 1a oO 
filia with, a the Principles of Electrical Measuring In- : 
struments—a subject he handled from the - x 
T rovernment and s Sige neering study. 
; 2 viewroint of instrument users. MARVI F \ 
work o The steps in 3 é MARVIN rh 
: The undersigned will handle all announce- 
1) Research and ™ents and news items of interest to the 
:tion with the inven- press ; and requests all the latest dope 
forn changes of position, marriages, etc. 


Bop GRAY This is Your Page, 


tA 


Society. Seventy-five people became cl 
members, and agreed that meetings bs 
yn the last Tuesday of each month. 


users and educators, in research, 


ch would present present reported some undergraduate 


as follows 





into oncrete 
to the government, 
pace Say bodies Society Members! 
LIGGS 

So see to it that your Secretary o1 

New York Organizes Publicity Chairman uses a piece of 

Some ninety instrument men (and wom- it every month—as we have been 

Georgia en, too) gathered on the evening of Sept. urging them to do. Instrument soci 

eting of the Georgia Society 29th at the Hotel Roosevelt to launch a eties can help in the War Effort as 

ent and Control is held on New York instrument society. The group societies, in addition to the fact that 
All present a that had been called together by George Kauer most members belong to 

of such a_ Society ou , and Marvin Fromm (Lummus Co.) with 


forward both for the rof. ion, the assistance of Robert Farnham (Instru- The 10% Club 


justry as ut ments Publishing Co.) On the suggestion of 











INSTRUMENT SOCIETIES CALENDAR* 


CITY DATI SPEAKER SUBJECT SOCIETY SECRETARY 
Atlanta Oct. 26 Physrs ig., I Jusiness ng Georgia Society for Ben Woodman. 1067 Stovall Bly 
Measurement & Contr N.E., Atlanta 


Baltimore Oct. 16 Marvland Academy Walter Wil ow! Zlectronic Principles as istrial Instru- Fred Pullen, Bethlehem Stee! C 
: strun ito Cont‘nuous’ ment Society Sparrows Point, Md 
Balance Potentiometers 


Chicago Nov. 5 lair Hotel I four Use of Instruments Chicago Society for Carl Hope, 2626 W. 31st Blvd., 
nder t n Underwriting Measurement & Cont: Yhicago, Ill 


Hartford Oct. 


Hartford Society for Stephen elle, Whitney Cha 
Measurement & Control Mtg O., rtford, Conn 
Newark Nov. Ess eters eed Automati ‘ontrol of ocietv r Measureme F. Robey, 409 Orange Ave 
rthrup Industrial Proce & itrol (N.J.) Cranford, N. J 
New York Oct. 


1 7 AG ture Measurement ) irement & Control New 
Philadelphia Sept. ngineer’s Clut Organization Meeting Jo Nat Announced 3 Eng Dept., 


Pitfalls of Temper N Y ociety for Marvin Fromm, 394 Second Ave 


tric Ce 


Pittsburgh Oct. 27 Webster ll | t wman, ) jlern Gag'r ic: oci = ‘ rv, c/o Carne 
inar p or ment & Contro! , Pittsburgh 


*Meetings begin at 8 P.M., Dinner 
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